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Abt.  I. —  On  the  Inequalities  in  the  Moon's  Motion  produced  by 
the  Oblateness  of  the  Earth ;  by  Professor  J.  N.  Stockwell. 

Having  given  in  the  November  number  of  this  Journal,  an 
account  of  a  secular  ineqaality  in  the  moon's  motion,  arising 
firom  the  oblateness  of  the  earth,  I  propose  to  give,  in  the 
present  number,  a  somewhat  detailed  account  of  the  principal 
periodic  inequalities  in  the  motions  of  the  moon  arising  from 
the  same  cause.  And  I  would  here  state  that  a  careful  study 
of  the  eflFect  of  the  earth's  ellipticity  on  the  motions  of  the 
moon,  through  the  medium  of  analysis,  has  presented  some  of 
the  most  curious  and  interesting  cases  of  perturbation  to  be 
found  in  physical  astronomy.  The  principal  inequalities  to 
which  I  would  call  attention,  are  chiefly  remarkable  as  being 
the  product  of  a  number  of  important,  though  mutually 
antagonistic  forces,  the  resultant  of  which,  on  any  given 
coordinate  of  the  moon,  is  of  far  less  importance  than  would 
arise  from  the  undisturbed  operation  of  any  one  of  the  con- 
stituent forces ;  and  I  do  not  remember  any  cases  of  perturba- 
tion in  the  moon's  motion,  arising  from  the  sun's  attraction, 
in  which  the  effect  of  the  force  on  any  given  coordinate  is  so 
completely  neutralized  by  the  action  of  the  same  force  on  some 
of  the  other  elements  of  motion.  The  analysis  which  I  have 
employed  has  presented  the  results  in  such  shape  as  to  show : 
Firsts  the  separate  effect  of  the  earth's  oblateness  on  the 
motions  of  the  moon  ;  and  Second,  the  combined  effect  resulting 
from  the  earth's  figure  and  the  sun's  attraction.  It  is  from 
these  two  points  of  view  that  I  shall  now  consider  the  subject 
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In  the  paper  referred  to  above,  it  was  shown  that  the  motion 
of  a  body  moving  in  a  circular  orbit  in  the  plane  of  the 
equator  would  be  uniform  ;  and  that  the  motion  in  a  circular 
orbit  which  was  inclined  to  the  equator  would  be  subject  to 
inequalities,  the  magnitude  of  which  would  depend  on  the 
inclination  of  the  orbit  to  the  equator.  Now  the  ecliptic  is 
inclined  to  the  equator  at  an  angle  of  28^  27^  and  the  moon's 
orbit  is  inclined  to  the  ecliptic  at  an  angle  of  5**  8'.  If,  then, 
the  ascending  node  of  the  moon's  orbit  is  at  the  vernal  equinox, 
the  inclination  of  the  moon's  orbit  to  the  equator  will  be  28® 
85' ;  and  she  will  attain  to  that  degree  of  declination  twice 
during  each  sidereal  revolution.  In  this  position  of  the  node, 
the  inequalities  of  the  earth's  attraction  on  the  moon  attain 
their  maximum  values.  Suppose,  now,  that  the  ascending 
node  is  at  the  autumnal  equinox.  It  is  evident  that  the  incli- 
nation of  the  orbit  to  the  equator  will  be  only  18**  19',  and  that 
she  will  only  reach  that  declination  twice  during  each  revolu- 
tion. The  inequalities  of  the  earth's  attraction  on  the  moon, 
in  this  last  position  of  the  node,  will  evidently  be  at  their 
minimum  values.  As  the  node  passes  from  one  equinox  to 
the  other,  it  is  plain  that  the  inequalities  of  the  earth's  attrac- 
tion on  the  moon  pass  through  all  the  changes  of  value  to 
which  they  are  at  any  time  subject.  Now  the  moon's  node 
makes  a  complete  revolution  on  the  ecliptic  in  a  period  of  18*6 
years ;  consequently  all  the  inequalities  of  the  moon's  motion 
arising  from  tne  oblateness  of  the  earth  will  eflFect  a  complete 
restoration  in  that  period.  Since  the  motion  of  the  moon's 
node  is  caused  by  the  sun's  attraction,  we  must,  in  the  calcula- 
tion of  the  separate  effect  of  the  spheroidal  form  of  the  earth 
on  the  moon's  motion,  neglect  the  sun's  attraction  and  regard 
the  elements  of  the  moon's  orbit  as  constant,  except  so  far  as 
they  are  affected  by  the  form  of  the  earth  itself.  From  these 
general  considerations  it  follows  that  the  moon's  declination, 
on  which  the  inequalities  of  the  earth's  attractive  force  depends, 
is  affected  by  two  conditions :  namely,  the  longitude  of  the 
moon  and  the  longitude  of  the  node.  I  shall  therefore  in  the 
present  paper  consider  only  the  inequalities  which  depend  on 
these  two  elements,  either  separately  or  in  combination. 

In  the  calculations  which  1  have  made,  the  oblateness  of  the 
earth  has  been  taken  as  y^;  and  in  the  few  equations  which 
are  given,  the  symbols  have  the  following  significations :  a  and 
nt  denote  the  moon's  mean  distance  and  mean  longitude ;  v 
and  0  denote  the  moon's  true  longitude  and  latitude,  y  and  Q 
denote  the  inclination  and  longitude  of  node  of  moon's  orbit ; 
€  denotes  the  obliquity  of  the  ecliptic,  and  D  denotes  the  mean 
radius  of  the  earth;  p  and  f  denote  the  oblateness  of  the 
earth,  and  the  ratio  of  the  centrifugal  force  to  the  gravity  at 
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the  earth's  equator ;  R  denotes  the  disturbing  function ;  and 
i  placed  before  a  quantity  denotes  the  variation  of  that  quan- 
tity arising  from  the  oblateness  of  the  earth.  I  also  put  for 
brevity 

>5=:  {p  —  i^}— 5- sine  cose.  (1) 

T  now  give  the  equations  which  express  the  variations  of 
the  elements  and  codrainates  of  the  moon,  and  which  are  inde- 
pendent of  the  sun's  action.  In  the  first  place  I  find  that  the 
position  of  the  node  and  inclination  of  the  orbit  are  aflfected  by 
the  following  inequalities : 

(JQ  =  i^  sin  (2n^  -  ft)  =  +  0'-186  sin  (2n^  —  ft),  (2) 

6y=:i/3  cos  (2nt  —  ft )  =  +  0'-0166  cos  (2n^-  ft).  (3) 

These  two  inecjualities  give  rise  to  the  following  inequality 
in  the  moon's  latitude : 

6d=z^i/3  sin  n^  =  -  O'-Ol  66  sin  nt.  (4) 

But  I  find  that  the  direct  action  of  the  earth  on  the  moon 
produces  the  following  inequality  : 

60=  +  i/3  sin  nt,  (6) 

The  sum  of  these  two  inequalities  gives  dd  —  0;  whence  it 
follows  that  there  is  no  equation  of  the  above  form  in  the 
moon's  latitude  arising  from  the  oblateness  of  the  earth.  In 
other  words,  the  figure  of  the  earth  does  not  cause  the  moon  to 
depart  from  the  plane  of  the  great  circle  in  which  its  orbit  is 
situated. 

The  above  values  of  Sq  and  dy  also  give  the  following  ine- 
quality in  the  moon's  longitude  : 

6v  =  +  i/3y  sin  Q  =  +  0''-00074  sin  ft  ).  (6) 

The  direct  action  of  the  earth  on  the  moon  produces  the 
following  inequalities  in  the  longitude  : 

6v  =  fV  /3  tan  e  sin  2nt  —  ^  /^y  sin  {2nt  —  ft  )        )  /h\ 

=  +  0''-0012  sin  2nt  —  0'-00025  sin  (2n^-  ft ).  5  ^  ^ 

These  inequalities  in  longitude  are  so  excessively  small  ad 
to  be  entirely  insensible.  The  sum  of  the  coefficients  in  these 
three  terms  of  dv  amounts  to  only  0'''0(>22,  a  quantity  not 
exceed ingybwrteenyee^  if  measured  on  the  moon's  orbit.  From 
this  calculation  it  follows  that,  if  the  moon  were  entirely  free 
from  solar  disturbance,  the  effect  of  the  oblateness  of  the  earth 
on  its  motions  would  be  so  small  that  it  would  never  be  detected 
by  observation. 

Let  us  now  examine  into  the  effect  of  a  combination  of  solar 
disturbance  with  that  arising  from  the  earth's  oblateness. 
Since  we  have  supposed  the  moon's  orbit  to  be  circular,  it  is 
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evident  that  the  earth's  attraction  on  the  moon  is  at  a  maximum 
whenever  the  moon  is  in  the  equator,  or  twice  during  each 
revolution  of  the  moon.  We  will  now  suppose  that  the  longi- 
tude of  the  moon's  node  is  90**,  and  examine  into  the  conse- 
quences that  must  take  place  while  it  retrogrades  through  a 
semi-circumference,  or  from  -f90**  to  —90^ 

When  Q=  +90®,  the  moon's  orbit  intersects  the  equator  at 
a  distance  of  12**  45'  to  the  eastward  of  the  equinox :  and  since 
the  node  retrogrades  on  the  ecliptic  about  1**  27'  during  a 
sidereal  revolution  of  the  moon,  it  follows  that  the  moon  will 
arrive  at  the  equator  at  a  point  a  little  to  the  westward  of  its 
previous  crossing.  In  other  words,  the  moon  will  make  a 
complete  revolution  with  respect  to  the  center  of  force  in  a 
period  somewhat  shorter  than  the  sidereal  revolution.  At  the 
end  of  9'8  years  the  longitude  of  the  node  will  be  —90®,  and 
the  orbit  will  intersect  the  equator  at  a  distance  of  12°  45'  to 
the  westward  of  the  ecjuinox.  Now  the  moon  performs 
124*8256  sidereal  revolutions  while  the  node  is  retrograding 
through  an  arc  of  180°.  But  124'8256  sidereal  revolutions 
correspond  to  124'3256  revolutions  +23°  21'  with  respect  to 
the  equator.  Whence  it  appears  that  while  the  node  is  retro- 
grading from  +90°  to  —90°,  the  time  of  revolution  with 
respect  to  the  equator  is  shorter  on  an  average  by  20"  82'  than 
the  sidereal  revolution.  It  is  plain  that  while  the  node  is 
retrograding  from  —90°  through  the  autumnal  equinox  to 
+90°,  the  point  of  intersection  of  the  orbit  and  equator  will 
advance  from  —12°  45'  to  +12°  45',  and  the  time  of  revolution 
of  the  moon  with  respect  to  the  equator  will  exceed  the  time 
of  the  sidereal  revolution  by  the  same  amount  that  it  fell 
short  of  that  quantity  while  retrograding  through  the  other 
half  of  the  orbit  It  is  also  plain  that  the  inclination  of  the 
orbit  to  the  equator  increases  while  the  equatorial  node  is 
approaching  the  vernal  equinox,  at  which  point  it  is  a  maxi- 
mum, and  diminishing  while  it  is  receding  from  it  The 
constant  retrograde  motion  of  the  ecliptic  node  of  the  moon's 
orbit,  therefore,  gives  rise  to  a  merely  oscillatory  motion  of  the 
equatorial  node ;  and  it  is  this  pendulum-like  motion  of  the 
equatorial  node  that  gives  rise  to  a  number  of  inequalities  in 
the  moon's  motion  which  I  now  proceed  to  consider ;  observing 
that  the  inequalities  which  are  produced  while  the  node  is 
advancing  are  fully  compensated  oy  means  of  the  retrograde 
motion  which  follows. 

I  now  give  the  values  of  the  perturbations  of  the  elements 
and  coordinates  which  I  have  obtained,  as  resulting  from  the 
motion  of  the  moon's  node,  which  is  produced  by  the  sun's 
attraction.     I  find 
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ay 

<y V  =  +  —  cos  Q  =  —  8' -2233  cos  ft 
^         '    a 


\ 


(8) 


a  being  the  ratio  of  the  motion  of  the  node  to  the  moon's 
mean  motion.  These  inequalities  of  the  elements  give  rise  to 
the  following  inequality  in  the  latitude : 

66=1^  sin  w<  =  —  8'-2233  sin  rU.  (9) 

a  ^  ' 

This  is  exactly  the  same  as  LaPIace  and  subsequent  investi- 
gators would  have  obtained  had  they  used  the  same  value  of 
the  earth's  ellipticity.  This  inequality  in  the  moon's  latitude 
is  equivalent  to  the  supposition  that  the  moon's  orbit,  instead 
of  moving  on  the  plane  of  the  ecliptic  with  a  constant  inclina- 
tion, moves,  with  the  same  condition,  upon  a  plane  passing 
always  through  the  equinoxes,  between  the  ecliptic  and  equator 

and  inclined  to  the  ecliptic  by  an  angle  which  is  equal  to  -^,  as 

a 

LaPlace  has  remarked. 

I  have  not,  however,  been  equally  fortunate  in  reproducing 
the  value  of  the  inequality  in  the  moon's  longitude,  which 
LaPIace  and  later  investigators  have  obtained.  I  find  as 
directly  resulting  from  the  motion  of  the  moon's  node,  the  fol- 
lowing inequality  in  the  longitude : 

6v=^-^y  sinQzz:  — 184''-3  sinQ.  (10) 

But  the  preceding  inequality  in  latitude  gives  rise  to  the 
two  following  inequalities  in  the  longitude : 

Sv  =  +  -^j8inQ^i^yBin{2nt^Q)) 

=  +  184'-38ina  +  0'-37  8in  (2;j^-  ft)  ) 

The  first  of  these  two  inequalities  derived  from  the  perturba- 
tions in  latitude  exactly  cancels  the  preceding  inequality  in 
the  longitude  which  is  produced  directly  from  the  retrograde 
motion  of  the  node ;  and  we  have  as  the  resultant  of  the  two 
forces, 

<y»  =  -  i  —  y  sin  (2n^-  Q)  =  +  0'-37  sin  {2nt  -  ft).         (12) 

I  find,  however,  that  the  radius  vector  of  the  moon's  orbit  is 
affected  by  the  inequality 

6v=zSa/3y  COB  Qy  (13) 

*nd  this  produces  the  following  inequality  in  the  longitude, 

<Jr  =  -6^;/sina  =  +4W43  8inft,  (14) 
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while  LaPIace  found 

<yi>  =  -V^^;^BinQ=  +  r-OasinQ.  (15) 

If,  in  the  development  of  the  inequalities  depending  on  the 
oblateness  of  the  earth  we  carry  on  the  approximations  so  as 
to  include  terms  of  a  higher  order  depending  on  the  eccentricity 
and  inclination  of  the  orbit,  we  shall  find  two  equations  of 
sensible  magnitude,  having  the  same  arguments  as  two  empiri- 
cal equations  discovered  by  Airy  about  a  third  of  a  century 
ago.  These  equations  depend  on  the  arguments  w/  —  co  —  Q, 
and  n^  — ft>-l-  Q,  in  which  <o  denotes  the  longitude  of  the 
perigee.  These  arguments  have  periods  of  27*4482  days,  and 
27'6661  days,  respectively.  The  equation  depending  on  the 
first  of  these  arguments  seems  also  to  have  been  independently 
discovered  quite  recently,  as  an  empirical  equation,  by  Pro- 
fessor Newcomb,  who  attributes  it  to  the  attraction  of  some  of 
the  planets.  From  some  calculations  which  I  have  made  I  am 
led  to  suspect  that  each  of  these  equations  has  a  value  amount- 
ing to  quite  a  large  fraction  of  a  second  of  arc ;  and  I  call 
attention  to  them  here  as  being  worthy  of  a  more  thorough 
investigation  by  astronomers. 

It  is  but  proper  to  add  in  this  connection,  that  the  mean 
motions  of  the  perigee  and  node  of  the  lunar  orbit  are  aflfected 
by  the  oblateness  of  the  earth  ;  and  are  also  affected  by  secular 
equations  arising  from  the  diminution  of  the  obliauity  of  the 
ecliptic.  The  motions  of  the  perigee  and  node  which  I  have 
obtained  agree  in  value  with  those  obtained  by  LaPlace.  I 
have  therefore  succeeded  iu  reproducing  exactly,  by  my 
method  of  computation,  all  the  inequalities  in  the  motions  of 
the  moon  arising  from  the  oblateness  of  the  earth,  which 
LaPlace  discovered  nearly  a  century  ago,  with  the  exception 
of  the  equation  in  longitude.  The  coefficient  of  LaPIace's 
equation  exceeds  the  value  which  I  have  obtained,  in  the  ratio 
oi  19  to  12  ;  and  it  has  been  a  matter  of  surprise  that  two  very 
dissimilar  methods  of  computation  should  give  so  many  results 
identically  the  same,  and  leave  only  a  single  one  discordant 
This  has  led  me  to  make  a  critical  examination  of  every  step 
of  LaPlace's  calculation  of  this  equation ;  and  this  examination 
has  developed  the  fact  that  LaPlace  has,  in  this  instance, 
departed  widely  from  the  requirements  of  his  own  formulae 
and  methods ;  and  that  a  correct  calculation  by  his  method 
gives  a  result  identically  the  same  as  I  have  found  by  my  own. 
I  shall  therefore  now  give  the  several  steps  of  this  examination, 
believing  that  it  will  not  be  without  interest  to  the  readers  of 
this  Journal.  In  this  investigation  it  has  been  found  con- 
venient to  use  Bowditch's  translation  of  the  Mecanique  dlesie^ 


(■ 
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as  the  facilities  for  referring  to  any  part  of  the  work  by  means 
of  the  marginal  numbers  are  much  better  than  in  the  original. 
I  shall  also  change  the  notation  somewhat,  putting  e  for  X,  and 
afor^— 1  in  some  cases,  and  shall  also  put/=l.  The  num- 
bers inclosed  in  brackets  refer  to  the  corresponding  marginal 
numbers  of  the  MScanique  Celeste, 

The  expression  of  the  force  jB,  [5862]  becomes  by  using  the 
value  of  ^,  which  is  given  by  equation  (1)  of  this  paper,  and 
putting /=1, 

i?  =  2^«8inv.  (16) 

In  this  equation  s  denotes  the  tangent  of  the  moon's  latitude. 
This  value  of  R  gives  the  following  values  of  the  partial  diflfer- 
ential  coefficients, 

-^j  =  -6-^f«8mv,  (17) 

2— ^«coBV,  (18) 

2-^8mv.  (19) 

The  equation  which  determines  the  value  of  dv^  is  [5367], 
Damely, 

^''  =  '  TdoJ^^  +  %-^  ^  [-d7) '  (^^) 

and  the  value  of  dR  is 

The  value  of  s  is  given  by  the  equation  [5876],  namely, 

«=y8in(^y— Q),  (22) 

in  which  I  have  changed  0  to  Q,  in  order  to  avoid  confusion 
of  symbols.     Now  (22)  gives  by  differentiation 

ds=.gydv  cos  {ffv  —  Q).  (23) 

If  we  neglect  the  eccentricity  of  the  orbit  we  shall  have  c?r=0, 
consequently  the  term  (__  Wr  will  vanish  from  the  value  of 

dfi.  Now  substituting  the  value  of  s,  (22)  in  (18),  and  multi- 
plying (19)  by  dSf  which  is  given  by  (23),  we  shall  get, 

Vdo)  «^^  =  «'p- X^v  {»in (^v  +  V-  Q)  +  sin  (^t?  -  V  — a) }.  (24) 

ldR\  8 

\-^\  ds  =  a*g^ydv  |sin  {gv  +  v-  Q)  —  sin  (^t?- v-  Q) }.  (25) 

If  we  substitute  these  values  in  equation  (21),  and  retain  only 
the  term  depending  on  the  angle  (5^  v  —  v  —  Q),  it  will  become 
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diJ=  — a'^>^(^-l)JyBm(^v-t;  — Q.)  (26) 

This  gives  by  integration 

/diJ  =  a«~;/C08(^t?-.i?—  Q).  (27) 

If  we  substitute  the  value  of  a  in  equation  (17)  and  multiply 
by  r  it  will  become 

^("^)  =^  "  3a' JycoB(^t>-t;-  Q).  (28) 

Substituting  (27)  and  (28)  in  (20),  it  becomes 

ddv  =  —  3a'  -^  ^ cos  (^w  -  V  —  Q).  (29) 

This  is  the  same  as  LaPlace  has  given  in  [5368]. 

But  LaPlace  has  given  a  second  term  depending  on  the  same 
argument  This  second  term  arises  from  the  variation  of  the 
sun*s  disturbing  force  which  is  due  to  the  variation  of  the 
moon^s  latitude  produced  by  the  earth's  oblateness.  The 
expression  of  this  force  is  given  in  equation  [5872]  and  is  as 

follows : 

<y/2  =  }m'w'V«(y«.  (30) 

I  shall  now  show  that  this  value  of  dR  is  the  same  as  the 
value  of  R  given  by  equation  [5862],  except  that  it  has  a 
contrary  sign. 

According  to  [6874]  we  have 

Jm't.'V'  =  J^=2?-r-l,  (31) 

and  if  we  substitute  this  in  (30)  or  [5872]  it  becomes 

6R=z2^—s68.        *  (32) 

And  if  we  substitute  in  this,  the  value  of  ds  given  by  [5876], 
which  reduced  to  the  notation  of  this  article  is 

<y«  =  — a'-^ — ^-TTjSint^*  (33) 

it  becomes 

<yi?=-2a'4^8inv.  (34) 

This  is  the  same  as  (16)  or  [5362]  except  that  it  has  a  contrary- 
sign.  This  force  is  therefore  the  reaction  of  the  force  expended 
by  the  sun  in  giving  motion  to  the  moon's  node,  which  in  turn 
produces  the  inequality  in  the  moon's  latitude. 

But  in  this  second  part  of  his  work  LaPlace  seems  to  have 
committed  a  grave  oversight,  for  he  has  treated  his  equation 
[5872]  in  the  construction  of  [5378],  as  though  ds  were  con- 
stant ;  whereas  it  is  a  function  of  both  r  and  t;,  according  to 
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[5876]  which  he  afterwards  uses  in  his  reductions.  However, 
as  I  have  shown  above  that  equation  [5872]  is  the  same  as 
[5862],  and  has  a  contrary  sign,  it  is  unnecessary  to  pursue  this 
part  of  the  inquiry  further,  since  it  is  evident  that  the  whole 
value  of  iv  must  Tie  derived  from  the  value  of  R  in  [5362]. 

LaPlace  has  given  the  complete  value  of  div  corresponding 
to  the  plane  of  the  orbit,  in  [5879]  ;  and  he  gives  a  correction 
in  [5886]  to  reduce  it  to  the  plane  of  the  ecliptic.  It  is  appar* 
ent,  however,  that  this  correction  does  not  exist,  for  LaPlace 
has  shown  in  [928Q  etc,  where  this  subject  is  first  investigated, 
that  this  correction  is  of  the  order  of  the  square  of  the  disturb- 
ing force;  and  as  terms  of  that  order  have  not  been  con* 
sidered,  it  is  evident  that  the  value  of  that  correction  which  he 
has  given  in  [5885]  is  erroneoua 

To  complete  this  subject,  it  now  remains  to  be  shown  that 

the  value  of  R  in  equation  [5862]  gives  the  value  of  div  twice 

as  great  as  LaPlace  has  found  in  [5368].     For  this  purpose  I 

would  remark  that  the  value  of  ddv  given  by  means  of  [5867], 

is  the  correction  to  the  disturbed  meart  longitude^  and  not  to  the 

undisturbed  mean  longitude.      In  order  to  correct  for  this 

di^     r 
condition  it  is  necessary  to  add  the  term  8-—.    /d£  to  the  first 

member,  and  this  cancels  the  same  term  in  the  second  member, 
thus  leaving  the  correction  to  the  undisturbed  mean  longitude^ 
or  dv  equal  to 

r^dv     \  dr  y 

This  will  be  apparent  from  the  considerations  given  in  §  54  of 
Book  II  of  Micanique  Celeste,  from  which  it  appears  that  the 
function  dR  has  a  term  of  the  form  a\u  {at  +  fi\,  in  which  a  is 
very  small,  and  gives  by  a  double  integration  a  as  a  divisor ; 
and  LaPlace  has  shown  in  [1070'J  that  for  this  case  we  must 

increase  the  mean  longitude  by  the  quantity   8—  /  ndi  I  d/?, 

which  is  equal  to  ^/  -^t  /^ff,  or  to  the  first  term   of  the 

•/  r  dvJ 

second  member  of  equation  [5367J.     It  therefore  follows  that 

the  complete  value  of  div  will  be  given  by  the  equation 

and  if  we  substitute  the  value  of  ri  —  j  given  by  [5365]  it 

becomes  equal  to  twice  equation  [5368],  or  identically  the  same 
as  I  have  obtained  by  an  entirely  different  method. 

CleveUoid,  Ohio,  Oct  29,  18*79. 
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Art.  II. — An  Electro-Dynamometer  for  Measuring  Large  Cur- 
rents ;  by  Walter  N.  Hill,  S.B.  (Harvard),  Chemist,  U.  S. 
Torpedo  Station,  Newport,  E.  L 

The  use  of  electric  machines  of  large  size,  for  the  generation 
of  currents  of  great  strength,  has  become  extensive  and  prom- 
ises to  increase  materially.  In  connection  with  this,  the  best 
mode  of  measuring  the  currents  obtained  is  a  matter  of  much 
importance,  as  well  as  one  of  some  difficulty. 

rrobably  at  the  present  time,  the  method  by  the  use  of  the 
galvanometer — heavily  shunted — and  that  involving  the  deter- 
mination of  the  heat  developed  in  the  circuit  are  the  most  used, 
but  they  are  objectionable  from  their  inconvenience,  complex- 
ity and  liability  to  many  errors. 

The  method  employing  the  electro-dynamometer  is  to  be 
preferred  for  many  reasons  and  it  has  also  the  advantage  of 
being  applicable  to  to-and-fro  currents,  as  well  as  to  those  ia 
one  direction. 

Weber's  form  of  the  electro-dynamometer  is  an  instrument 
which,  as  Clerk-Maxwell  says,  "is  probably  the  best  fitted  for 
absolute  measurements."  In  this,  one  coil  is  suspended  withia 
another,  the  suspension  being  a  fine  wire  through  which  the 
current  is  led  to  the  suspended  coil.  It  is  therefore  only  suit- 
able for  the  direct  measurement  of  very  small  currents.  If 
currents  of  greater  strength  are  employed,  the  suspending  wire 
is  heated  and  elongated.  It  is  consequently  necessary  in  meas- 
uring powerful  currents  with  Weber  s  electro-dynamometer  to 
use  very  large  shunts. 

As  has  been  pointed  out  by  Trowbridge,  it  is  very  desirable 
to  avoid  the  use  of  shunts,  since  the  entire  resistance  of  the 
circuit  is  of  the  same  order  of  magnitude  as  the  shunt  In  gen- 
eral, a  method  depending  upon  the  measurement  of  a  very  small 
proportional  part  of  the  whole  current  is  objectionable,  since 
very  great  accuracy  is  necessary  and  errors  of  observation  are 
exaggerated. 

Trowbridge  has  designed  an  electro-dynamometer  through 
which  large  currents  may  be  transmitted  and  directly  measured, 
(Proc.  Am.  Acad.  Arts  and  Sci.,  Oct  9,  1878).  It  consists 
essentially  of  two  large  fixed  coils  made  from  copper  bands,  be- 
tween which  is  suspended,  from  a  torsion  head,  a  small  coil — 
the  whole  so  arranged  that  by  means  of  mercury  connections 
the  entire  current  will  traverse  the  smaller  coil,  as  well  as  the 
larger  ones.  A  small  mirror  is  attached  to  the  deflecting  coil 
and  by  means  of  a  telescope  and  scale,  the  deflections  may  be 
read.  In  practice,  however,  Trowbridge  found  that  the  better 
mode  of  oDservation  was  to  bring  back,  by  the  torsion  head, 
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the  coil  to  the  zero  point  determined  by  the  telescope,  scale  and 
mirror.  This  instrument  gives  good  results.  Measurements 
can  be  made  more  rapidly  with  it  than  by  the  galvanometric 
method  and  without  snunting. 

Daring  the  past  year,  the  writer  has  been  experimenting  at 
the  U.  S.  Torpedo  Station  with  an  electro-dynamometer,  differ- 
ing from  Trowbridge's  in  the  manner  of  observing  or  determin- 
ing the  deflective  power  of  the  current  In  its  general  plan, 
including  the  arrangement  for  taking  the  entire  current  to  be 
measured,  it  follows  Trowbridge's  form. 

Fig.  1  is  a  general  view  of  the  instrument  Figs.  2  and  8 
show  the  details  of  the  suspended  coil.  The  large  dxed  coils 
are  made  of  copper  ribbon  87™  wide  by  IJ™  thick.  The 
tarns  are  separated  by  ebonite  rings  and  fastened  together  by 
brass  rods  and  screw-nuts  insulated  by  ebonita  The  metal 
frame-work  is  similarly  insulated  from  the  coils.  The  suspen- 
sion arrangement  is  placed  on  the  top  of  the  fixed  coils  ana  in- 
sulated from  them.  The  upper  cylinder  which  carries  the 
suspension  pulley  is  capable  of  vertical  motion  and  can  be  fixed 
in  any  position  by  set-screws. 

The  deflecting  coil  (figs.  2  and  8)  is  made  of  copper  ribbon 
49™"  wide  bv  li"^  thick,  fastened  with  insulated  rivets.  In 
the  center  of  the  coil  and  parallel  with  it,  is  a  light  brass  rod 
or  pointer.  A  copper  rod  in  connection  with  the  outer  end  of 
the  coil  has  an  iron  or  nickel-plated  point,  which  dips  in  mer- 
cury contained  in  a  double-walled  metal  cup,  B,  on  the  base- 
board. A  similar  rod  from  the  inner  extremity  of  the  coil, 
ends  in  an  iron  or  nickel-plated  cup,  C,  containing  mercury. 
By  means  of  a  ring,  the  cou  is  hung  directly  under  the  metal 
cylinder,  D,  which  lies  centrally  across  the  tops  of  the  large 
coila  Through  an  opening  in  the  center  oi  this  cylinder, 
passes  a  hollow  metal  plunger.  A,  which  dips  in  the  mercury 
contained  in  the  cup  of  the  small  coiL  The  suspension  is  of 
fine  sewing  silk,  waxed  or  shellaced.  The  thread  passes  over 
a  little  pulley,  E,  above,  with  both  parts  parallel  or  nearly  par- 
allel and  close  together.  As  represented  in  fig.  1,  the  large 
coils  are  connected  "tandem."  The  current  would  enter  the 
left  hand  coil  at  the  screw-post  in  front ;  from  the  other  end  of 
this  coil,  a  thick  wire  leads  to  the  metal  cylinder  lying  across 
the  large  coils,  making  connection  with  the  small  coil  by  its 
mercury  cup,  and  from  the  mercury  cup  below  a  wire  passes  to 
one  ena  of  the  other  large  coil.  In  order  to  prevent  heating  of 
the  mercury  connections,  the  plunger  A  is  hollow  and  the  cup 
B  is  double  walled,  so  that  a  stream  of  cold  water  may  be  sent 
through  them  from  the  jar  placed  upon  the  stand  above  the 
instrament,  the  necessary  connections  being  made  by  means  of 
small  rubber  tubes. 
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When  the  current  passes,  the  saspeoded  coil  is  powerfully 
deflected  but  its  actual  movement  is  limited  by  a  vertical  wire 
stop.  There  are  two  of  these  stops,  one  on  each  side  of  the 
pointer-rod  of  the  suspended  coil.  They  are  about  16""  apart, 
BO  that  the  rod  can  move  but  7'5'™  on  either  side  the  center. 
To  the  pointer-rod  are  attached  on  opposite  aides,  two  silk 
threads  which  lead  over  pulleys  on  the  side  bars  to  small  pans, 
one  on  each  side  of  the  instrument,  (Fig.  1).    The  pulleys  are 


"  in  diam.  and  have  scores  for  the  threads.  They  are  light, 
nicely  balanced  and  turn  on  hardened  steel  pivota.  When  de- 
flection has  occurred,  weights  are  added  to  the  pan  on  the  side 
opposite  until  the  pointer-rod  returns  to  the  starting  point. 
If  the  weight  added  is  too  great,  the  pointer-rod  is  drawn 
against  the  other  wire  atop.  W^eights  may  then  be  removed 
or  put  into  the  opposite  pan,  until  the  right  point  is  attained. 
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The  weight  employed  exactly  balances  the  magnetic  force. 
The  mode  of  observing  the  zero  point  was  not  quite  satisfac- 
tory. It  was  originally  intended  to  use  a  vertical  wire  stop, 
the  pointer-rod  to  be  drawn  back  until  it  just  touched  the  wire, 
but  it  was  found  that  it  was  diCBcult  to  hit  this  point  exactly. 
Finally,  a  scale  was  marked  on  the  cylinder  in  front  of  the 
instrument  (fig.  1)  and  a  pointer  of  aluminum  wire  fastened 
to  the  rod,  so  that  it  would  traverse  the  scale.  This  plan 
worked  well  and  with  more  careful  construction  will  doubtless 
be  sufficient,  but  a  better  method  is  probably  one  suggested  by 
Captain  F.  M.  Ramsay,  U.  S.  N.,  which  is  to  use  a  light  verti- 
cal pointer  hanging  over  the  scale  on  the  base.  When  ad- 
justed, the  pointer-rod  of  the  suspended  coil  should  just  touch 
the  vertical  pointer  when  the  latter  is  at  zero.  The  exact 
return  to  the  same  point  would  be  easily  seen,  as  a  small  excess 
of  weight  would  cause  a  movement  of  the  pointer  over  the 
scale. 

The  pans  are  of  the  same  weight  and  the  threads  by  which 
they  are  hung,  are  fibers  of  unspun  silk.  The  friction  of  the 
pulleys  is  very  small,  and  would  be  trifling  if  they  were  made 
with  jewelled  bearings.  Also,  one  balances  or  nearly  balances 
the  otlier,  so  that  practically  their  friction  may  be  neglected, 
although  allowance  might  be  made  for  it  if  extreme  nicety 
were  aimed  at.  It  must  be  remembered  that  the  actual  obser- 
vation is  made  when  the  coil  is  in  the  zero  position,  the  weight 
taken  being  that  required  to  balance  the  defecting  force.  The 
movement  of  the  pulleys  is  then  very  slight  and  the  weight  acts 
exactly  at  right  angles  to  the  pointer- roof. 

For  the  measurement  of  the  large  currents  derived  from  dy- 
namo-electric machines,  minuteness  is  not  demanded,  since  the 
variations  due  to  fluctuations  in  the  currents,  alterations  in 
resistance,  etc.,  are  much  greater  than  the  limits  of  observation 
in  such  an  instrument  as  this.  Thus  in  practice,  when  attempt- 
ing to  ascertain  the  current  obtained  per  norse  power  expended, 
we  have  to  note  the  velocity  of  the  machine  and  the  indications 
of  the  power  dynamometer,  together  with  the  current  measure, 
as  nearly  as  possible  at  the  same  moment.  Quickness  and 
simplicity  of  working,  together  with  strength  and  compactness 
are  required  in  the  electro-dynamometer,  and  this  instrument 
possesses  these  practical  advantages,  while  it  is  capable  of  a 
good  degree  of  accuracy. 

The  writer  has  employed  it  at  the  U.  S.  Torpedo  Station  for 
measuring  currents  of  from  20  to  80  webers.  It  is  a  good  work- 
ing instrument  and  gives  uniform  results.  It  was  made  for 
experimental  trial  and  is  defective  in  certain  respects.  With 
some  improvements  in  construction,  it  would  be  a  little  more 
sensitive,  particularly  to  comparatively  small  currents.     The 
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saspensioD  arrangement  is  supported  on  the  large  coils  and 
lacks  steadiness.  It  should  be  placed  upon  a  distinct  standard. 
A  support  for  the  deflecting  coil  when  not  in  use,  should  be 
added  and  an  arrangement  for  centering  it  quickly. 

Theory  of  the  Instrument — The  expression  for  the  strength  of 
current  is  very  simple.  The  weight  found  is  that  required  to 
balance  the  deflective  force  and  is  observed  at  zero,  so  that  the 
earth's  and  local  attractions  are  avoided,  nor  does  the  torsion 
of  the  suspension  enter.     Let 

S  =  strength  of  current  in  webers. 

to  =  weight  used,  in  milligrams, 

I  =  length  of  weight-arm  or  distance  from  point  where  weight 

acts,  to  center  of  system. 
G  =  constant  of  large  coils. 
g  =r  constant  of  small  coil. 
C  ^  constant  of  instrument  or  length  of  magnetic  arm. 

By  the  theory  of  the  electro-dynamometer,  the  force  acting 

2  IT  Vk. 

to  deflect  is  represented  by  the  expression  X  ^  X  S*,  in 


which 


2;rn 


is  the  constant  of  the  large  coils  or  G,  and  g  the 


constant  of  deflecting  coil.  This  force  acts  with  the  arm  C, 
and  is  balanced  by  the  weight  acting  with  the  arm  L     Hence 

The  coils  being  large,  G  and  g  are  readily  ascertained  from 
measurement.  Z  is  a  known  distance.  C  is  the  constant  of  the 
instrument  and  must  be  specially  determined.  With  the  instru- 
ment in  question,  C  was  found  by  running  the  same  currents 
through  it  and  through  Trowbridge's  dynamometer,  the  con- 
stant of  which  was  accurately  known.  0,  /,  G,  and  g  being 
known,  it  is  evident  that  from  weight  found,  the  current  may 
be  obtained  with  little  calculation.  Or,  a  table  may  be  drawn 
up  from  which  the  values  desired  can  be  obtained  by  inspection. 

With  this  instrument,  which  has  many  turns  in  the  fixed 
and  movable  coils,  the  deflections  are  powerful,  requiring 
weights  to  balance  them  large  enough  to  give  sufficient  sensi- 
tiveness. 

The  following  table  shows  the  weights  required  for  currents 
from  21  to  80  webers,  and  from  91  to  100  webers,  with  my 
instrument  as  arranged. 


& 

to. 

a 

«?. 

S.          w. 

S. 

w. 

••ben. 

grm. 

dlff. 

webers 

.  grm. 

diff. 

weber*.  grm. 

dlff. 

wcben 

i.  grm. 

dlff. 

21 

•58 

26 

•89 

•70 

91      10-92 

96 

12-15 

•25 

22 

•64 

•06 

27 

•96 

•07 

92     11-16 

•24 

97 

1241 

•26 

23 

•70 

•06 

28 

103 

•07 

93     11-40 

•24 

98 

12^66 

•25 

24 

•76 

•06 

29 

Ml 

•08 

94     11-66 

•25 

99 

12^92 

•26 

25 

•82 

•06 

30 

M9 

•08 

95     11-90 

•25 

100 

1319 

•27 
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This  table  shows  whole  webers  only,  which,  for  some  pur- 
poses, would  be  sufficient,  but  the  subdfivisions  can  be  supplied 
if  desired.     Thus,  we  have  between  59  and  60  webers : 


8. 

w. 

S. 

w. 

webers. 

gniL 

webers. 

grin. 

69- 

4-590 

69-6 

4*680 

59-1 

4-605 

59-7 

4-700 

59-2 

4-620 

59-8 

4-716 

69-3 

4*636 

59-9 

4-730 

59*4 

4-660 

60- 

4-760 

69-5 

4-665 

If  a  set  of  weights  arranged  for  ordinary  balance  use  is  em- 
ployed, it  would  be  better  to  draw  up  the  table  to  correspond, 
making  the  difference  between  any  two  contiguous  terms  of  w, 
the  smallest  weight  taken.  Thus  my  instrument  indicates 
10™',  which  gives  sufficient  minuteness. 

It  is  plain  that  a  set  of  weights  could  be  made  which  would 
represent  webers  current,  making  any  calculation  unnecessary. 
This  would  be  often  convenient,  if  much  work  was  to  be  done. 

For  technical  purposes,  when  an  approximate  measure  is 
sufficient,  a  set  which  would  not  be  too  cumbrous  might  have 
brass  weights  for  di£f(^rences  of  five  webers,  and  platinum  ones 
for  intermediate  figures.     Thus,  between  30  and  40  webers: — 

Principal  weights.  Minor  weights.  S. 

1-186  grm.  1     *085  gnn.    „    ,^*In  trrm  30  webers. 

1     -085  =^^* 

1-615  1     -095  „     .,Q5  35 

•095  ^      ^^^ 

2-110  1  40 

With  this  instrument,  I  have  worked  with  currents  as  small  as 
10  webers,  but  it  is  not  sensitive  enough  for  such  usa  Above  20 
webers,  it  operates  satisfactorily.  Greater  nicety  of  construction 
would  conier  greater  sensitiveness  to  small  weights,  but  it  is 
evident  that  this  form  of  the  dynamometer  is  particularly  suit- 
able for  large  currents. 

We  have  S  :  S'  : :  \/to  :  \/to', 

That  is,  as  the  currents  increase,  the  corresponding  weights 
increase  more  rapidly  and  greater  accuracy  and  minuteness  are 
attained.  Between  21  and  22  webers,  the  diflference  of  weight 
is  '06  grm.,  and  between  99  and  100  '27  gnn. 

My  best  thanks  are  due  to  Prof.  John  Trowbridge,  of  Har- 
vard University,  for  advice  and  the  use  of  his  apparatus. 

U.  S.  Torpedo  Station,  Newport,  R.  I.,  October  25,  1879. 
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Art.  eel — OUberfs  Report  on  the  Geology  of  the  Henry 

Mountains.* 

Mb.  Gilbbbt  presents  much  that  is  new  to  Geology  in  his 
accoant'of  the  Henry  Mountains.  These  mountains — so  named 
by  Mr.  Powell  in  honor  of  Professor  Joseph  Henry — are  situated 
in  Southern  Utah,  about  the  meridian  of  110^  45^,  and  the  par- 
allel of  88**.  They  are  an  irregular  group — not  a  range — of 
five  mountains,  the  highest  about  5,000  leet  above  the  arid 
plateau  at  their  base,  and  11,000  feet  above  the  sea.  It  is 
stated  that  although  much  cut  up  by  vallies  of  erosion,  they 
still  show,  to  some  extent, 
by  their  forms,  but  chiefly 
by  the  dip  of  their  beds,  that 
they  were  originally  mammi- 
form bulgings  of  the  strata  of 
the  region,  or  groups  of  such 

balgings.      The  accompany- 
ing figure  is  a  grouna-plan 

of  the  UenjT  Mountains :  N, 

MtElUn ;  P,  Mt  Pennell ;  H, 

Mt  Hillers;  M,  Mt  Holmes; 

E,  Mt    Ellsworth  ;    it   rep- 
resents N  (Mt  Ellen),  P  (Mt 

Pennell),  H  (Mt  Hillers)  as 

each  a  group:  M(Mt  Holmes) 

as  a    combination    of    two 

domes,  and  E  (Mt  Ellsworth) 

alone  as  single.     The  single 

bulgings  or  domes  vary  in 

diameter  from  half  a  mile  to 

four  miles,  and  the  outline  is 

Dearly  circular  or  somewhat 

o?al,   though    more   or  less 

irregular  where  they  have  en- 
croached on  one  another. 


Map  of  the  Henry  Mountains. 


The  strata  constituting  them  are  those  of  the  Cretaceous 
formation,  which  comprises,  beginning  above,  the  "Maruk," 
"Bine  Gate"  and  "Tununk"  sandstones,  and  "Henry's  Park 
Group,"  and  has  there  a  thickness  of  8,600  feet ;  the  Jura-Trias, 
which  is  divided  into   the  "Flaming  Gorge,"  "Gray  Cliff," 

•  Report  on  the  Geology  of  the  Henry  Mountains,  by  G.  K.  Gilbert.  U.  S. 
Geograpliical  and  Geologi<»l  Survey  of  the  Rocky  Mountain  Re^irion,  J.  W.  Powell 
io  diarge.  160  pp.  4to,  with  plates,  maps,  and  sections.  Department  of  the 
loterior.  Washington,  1877.  Althou^rh  this  date  makes  the  printing  of  the  Report 
V>haTe  been  done  in  187  7 ,  the  volume  has  been  issued  within  three  months. 

Am.  Joas.  SoL'Third  Sbribb,  Vol.  XIX.— No.  109,  Jan.,  1880. 
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"Vermilion  Cliff"  and  "Shinarump"  groups,  and  has  a  tbick- 
nesa  ol  2,930  feet ;  and  the  Upper  Garlxiniferous.  These  strata 
in  the  mountains  are  intersected  by  dikes  of  trachyte  rising 
from  a  mass  of  trachyte  below.  The  dip  of  the  strata  varies 
from  zero  at  top  and  at  base  to  various  anglea  between,  being 
even  80°  in  some  of  them  just  above  the  base ;  but  tile  rocks 
beneath  the  plain  around  them  are  horizontal. 

The  quaquaversal  dip  in  the  strata  appears  to  indicate,  as  Hr. 
Gilbert  states,  that  the  dome-like  elevations  were  produced 
through  force  acting  directly  beneath  each;  and,  &om  the  position 
of  the  tracby  te,  the  natural  inference  is  drawn  that  the  force  was 
connected  with  the  eruption  of  this  igneous  rock.  In  the  ideal 
sections  given,  one  of  which  is  here  reproduced,  a  mass  of 
(  trachyte  is  represented  occu- 

pying an  oven-shaped  cavity, 
with  the  strata  bulged  upward 
above  while  horizontal  below. 
The  trachytic  mass  is  called  a 
laccolile,  from  Idxxoz  cittern, 
and  iiSiK  stone.  (Since  the 
termination  tie  is  distinctive 
in  science  of  names  of  kinds  of 
minerals  and  rocks,  the  mod- 
ified form  of  the  term,  laccolith  (analogous  to  Tnonolilh)  would 
be  better,  and  is  used  below  as  essentially  Mr.  Gilbert's.) 

The  laccoliths  are  flat,  or  nearly  so,  below,  as  was  found  to 
be  true  at  eleven  localities,  showing  that  it  had  taken  the  form 
of  the  surface  on  which  it  rested.  The  thickness  or  height  is 
sometimes  over  3,000  feet ;  and  the  breadth  is,  on  an  average, 
seven  times  the  height,  but  in  one  case  only  three  timea  The 
trachyte  dikes  which  rise  from  it  are  much  more  numerous 
than  might  be  inferred  from  the  ideal  section  ;  and  they  often 
come  up  between  the  beds  as  well  as  intersect  them.  The  sand- 
stone aoove  and  below  the  trachytic  mass,  or  adjoining  the 
dikes,  is  usually  more  or  less  altered  by  the  heat  for  a  Uiick- 
ness  of  a  foot  or  more.  The  erosion  which  has  reduced  the 
original  domes  to  deeply  gorged  mountain  peaks  and  ridges 
Las  in  some  of  them  exposed  part  of  the  intenor  laccolith  so  aa 
to  show  its  original  surface,  while  in  one  the  whole  stands  bare, 
but  much  eroded  through  the  action  of  watera 

The  chamber  occupied  by  the  laccolith  was  in  all  cases  made 
along  a  shaiy  layer  in  the  formation,  where  the  cohesion  was 
least  The  trachyte  is  a  compact  porphyritic  variety,  wholly 
destitute  of  any  trace  of  cellules.  There  are  faint  indications 
of  three  or  four  successive  beds  in  some  of  the  masses. 

In  further  explanation  of  these  peculiar  mountain  structures, 
the  following  sentences  and  illustrations  are  cited  from  Mr. 
Gilbert's  Beport 
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Restoration  of  Ut. 


In  Ml  ElUworlh  "from  aU  sides  the  strata  rise,  slowly  at 
first,  but  with  steadily  increasing  rate,  until  the  angle  of  45°  ia 
reached.  Then  the  dip  aa  steadily  dimiDishes  to  the  center, 
where  it  ia  nothing.  A  model  to  exhibit  the  form  of  the  dome 
would  resemble  a  round- 
topped  hat;  only  the  lerel 
rim  would  join  the  side  by  a  • 
carve  instead  of  an  angle,  and  \ 
Uie  Hides  would  not  be  per-  ^ 
pendiculttr,  but  would  nare 
npidly  outward.  (See  fig.  S.) 
The  base  of  the  arch  is  not 
circular,  bat  ia  slightly  oval, 
the  long  diameter  oeing  one-third  greater  than  the  short  The 
length  of  the  uplift  is  a  little  more  than  four  miles;  the  width 
alittle  more  than  three  miles,  and  the  height  about  5,000  feet 
The  curvatare  fades  away  so  gradually  at  ite  outer  limit  that  it  ia 
not  easy  to  tell  where  it  ends,  4. 

and  the  horizontal  dimen- 
sions assigned  to  the  dome 
ue  no  more  than  rude  ap- 
proximations." "Bikes  and 
sheets  abound  from  the  crest 
at  the  dome  down  to  what 
might  be  called  its  springing 
line—the  line  of  maximum 
dip.  At  the  center,  dikes 
aremore  numerous;  near  the 
licoit,  sheets.  The  central 
irea  is  crowded  so  full  of 
dikes,  and  the  weathering  <5* 
brings  them  so  conspicuously 
to  the  surface,  that  the  softer  GrouDd-plan  of  tradiTte-djkM  on  tlia 
sedimentaries  are  half  con-  weetem  flank  of  the  raoontain. 
waled,  and  from  some  points  of  view  the  trachyte  appears  to 
make  the  entire  mass."  The  above  diagram  (figure  4)  "shows 
the  arrangement  of  the  dikes  in  one  of  the  outer  amphitheaters 
ol  the  mountain,  where  they  are  less  complicated  than  in  the 
central  regions." 

'■The  trachyte  masses  and  the  altered  rocks  in  contact  with 
then  are  so  much  moredurable  than  the  unaltered  strata  about 
them  that  they  have  be4*n  left  by  the  erosion  in  protuberancea 
Tbe  outcrop  of  every  dike  and  sheet  is  a  crag  or  a  ridge,  and  the 
Dioantain  itself  survives  the  general  degradation  of  the  country 
only  in  virtue  of  its  firmer  rock-masses.  Nevertheless,  the 
mountain,  because  it  was  higher  than  its  surroundings,  has  been 
exposed  to  more  rapid  erosion,  and  has  been  deprived  of  a 
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greater  depth  of  strata.  From  the  base  of  the  arch  there  have 
been  worn  8.500  feet  of  Cretaceous,  and  from  600  to  1,600  feet 
of  the  Jura-Trias  series,  which  is  here  about  8,000  feet  thick. 
From  the  summit  of  the  arch  more  than  2,500  feet  of  the  Jura- 
Trias  have  been  removed. 

'*  The  strata  exposed  high  up  on  the  mountain  being  older 
than  those  at  the  base,  and  the  dip  being  eveiywhere  directei 
away  from  the  center,  it  is  evident  that  the  mountain  is  sur- 
rounded by  concentric  outcrops  of  beds  which  lift  their  escarp- 
ments toward  it." 

"  The  laccolite  of  Mount  Ellsworth  is  not  exposed  to  view, 
but  I  am  nevertheless  confident  of  its  existence — that  the  visi- 
ble arching  strata  envelop  it,  that  the  visible  forest  of  dikes 
join  it,  and  that  the  visible  faulted  blocks  of  the  upper  moun- 
tain achieved  their  displacement  while  floated  by  the  still 
liquid  lava.  The  proof,  however,  is  not  in  the  mountain  itself, 
but  depends  on  the  association  of  the  phenomena  of  curvature 
and  diKC  and  sheet  with  laccolites,  in  other  mountains  of  the 
same  group." 

ITie  UiUers  hccoliih  "  is  the  largest  in  the  Henry  Mountaina 
Its  depth  is  about  7,000  feet,  and  its  diameters  are  four  miles 
and  three  and  three-quarter  miles.  Its  volume  is  about  ten 
cubic  miles.  The  upper  half  constitutes  the  mountain,  the 
lower  half  the  mountain's  deep-laid  foundation.  Of  the  ]x>rtion 
which  is  above  ground,  so  to  speak,  and  exposed  to  atmospheric 
degradation,  less  than  one  half  has  been  stripped  of  its  cover  of 
arching  strata.  The  remainder  is  still  mantled  and  shielded  by 
sedimentary  beds  and  by  many  interleaved  sheets  of  trachyte. 
'*  All  about  the  eroded  (south)  face  of  the  mountain  the  base  is 
revetted  by  walls  of  Vermilion  and  Gray  Clitf  sandstone, 
strengthened  by  trachyte  sheets.  At  the  extreme  south,  these 
stand  nearly  vertical  (80^),  and  their  inclination  diminishes 
gradually  in  each  direction,  until  at  the  east  and  west  bases  of 
the  mountain  it  is  not  more  than  60^"  "The  same  beds  which 
form  the  revet-crags  on  the  southern  base  constitute  also  some 
of  the  highest  peaks.  Since  these  rest  directly  upon  the  lacco- 
lite, it  is  assumed  that  the  next  lower  beds  of  the  stratigraphic 
series  form  its  floor."  "It  is  noteworthy  that  wherever  the 
sedimentaries  appear  upon  the  mountain  top  they  are  highly 
metamorphic.  But  in  the  revet-crags  [upturned  Jura-Trias 
sandstone  about  the  south  side]  there  is  very  little  alteration." 

The  Mount  EiUn  Cluster  (map,  p.  17),  having  a  diameter 
from  north  to  south  of  more  than  ten  miles,  contains,  if  rightly 
understood,  no  less  than  sixteen  laccoliths  "in  the  spurs  and 
foot  slopes  and  marginal  buttes"  about  the  central  crest  A 
view  of  the  western  flank  of  the  mountain  is  shown  in  figure 
6.     In  this  view,  there  are  recognized,  in  front  of  the  highest 
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portion,  the  remains  of  three  laccolitbs :  to  the  left  the"G'eikie" 
Mccolith ;  along  the  middle  portion  (S)  the  "  Shoulder"  lacco- 
lith, overlapping  the  base  of  the  G-eikie ;  and  to  the  right  (N) 
two  miles  to  the  south  of  the  Geikie,  is  the  "Newberry  arch,' 
the  last  making  a  knob  1700  feet  hit^h,  Btanding  b^  itself. 
Id  the  rear  is  the  i^ramidal  Ellen  Peak;  to  the  left  of  it,  in  the 
,  is  the  ''  Marvine"  laccolith ;  and,  to  the  right,  still 


Fart  of  Motmt  Ellen  from  tbe  west;  Ughert  point  11,360  f«et. 
mother,  named  the  F  laccolith.  Lewis's  Creek  cuts  across  a 
6ank  of  the  Newberry  arch  and  "exposes  a  portion  of  the 
ftrachjtic]  nucleus,"  overlaid  by  100  lo  200  feet  of  ^ale,  and 
Ibis  by  the  Henry's  Fork  conglomerate.  Erosioii  has  also 
exposed  on  two  sides  the  interior  trachyte  of  the  Ge;ikie  lacco- 
lith. The  high  crest  or  central  region  of  Mount  Ellen  ia  inter- 
tected  by  dikes  of  trachyte;  moreover,  Cretaceous 'shales  are 
"baked  to  clinking  slate,"  and  sandstones  are  "greAtly  indur- 
tted,"  and  there  are  beneath  "  perhaps  the  remains  of  laccolites." 
The  Marvine  laccolith,  one  of  the  Moant  Ellen  group, 
"sarrounded  by  nothing  firmer  than  the  Tununk  ah'ale  and 
Tnnank  sandstone  [Cretaceous],  has  suffered  a  rapid  denuda- 
tion, in  which  nearly  the  whole  of  its  cover  has  been  carried' 
ivay  without  seriously  impairing  its  form.  It  stands  forth  oh 
*  pedestal,  devoid  of  talus,  naked  and  alone.  The  upper  sur- 
&ce  andalates  in  low  waves  preserving  the  original  form  as  it 
ng  impressed  on  the  molten  mass.  Over  a  portion  there  is  a 
^in  coating  of  sandstone,  the  layer  next  to  the  trachyte  being 
saved  from  destruction  by  the  induration  acquired  during  the 
hot  contact  From  the  remainder  this  also  baa  disuppeared, 
and  the  contact  face  of  the  trachyte  is  bare."    The  extreme 
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depth  of  the  laccolith  is  1,200  feet,  and  its  diameters  are  6,000 
and  4,000  feet 

In  the  Jvkes  laccolith  "  the  trachyte  has  a  depth  of  only  one 
thousand  feet,  but  it  lies  so  high  with  reference  to  the  general 
degradation  that  it  is  a  conspicuous  feature  of  the  topography. 
The  edges  of  the  laccolite  are  all  eaten  away,  and  only  tne  cen- 
tral portion  survives.  AH  of  the  faces  are  precipitous.  The 
cover  of  shale  or  sandstone  has  completely  disappeared,  and  the 
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upper  surface  seems  uneven  and  worn ;  but  a  distant  view 

<  (figure  6)  shows  that  its  wasting  has  not  progressed  so  far  as 

:  to  destroy  all  trace  of  an  original  even  surtace.   The  eminences 

i  of  the  present  surface  combine  to  give  to  the  eye  which  is 

.  aligned  with  their  plane  the  impression  of  a  straight  line.     The 

hill  is  loftier  than  the  laccolite,  for  under  the  one  thousand  feet 

"  of  trachvte  are  five  hundred  feet  of  softer  rock  which  constitute 

its  pedest^al,  and  by  their  yielding  undermine  the  laccolite  and 

perpetuate  its  cliffs." 

The  laccoliths  are  described  as  occurring  at  different  levels, 
between  beds  of  the  Carboniferous,  Jura-Trias,  and  Cretaceous 
formations.  The  lowest  in  stratigraphical  position,  Mount  Ells- 
worth, is  4,500  feet  below  the  level  of  the  highest ;  and  it  was 
probably  covered  originally  by  at  least  7,000  feet  of  strata 
exclusive  of  the  Tertiary.  But  since  the  Tertiary,  according 
to  Mr.  Gilbert,  probably  spread  over  the  region,  and  owes  its 
absence  only  to  subsequent  denudation,  the  total  thickness, 
since  that  of  the  Tertiary  is  8,600  to  7,000  feet,  may  have  been 
much  over  10,000  feet 

The  facts  brought  out  appear  to  sustain  Mr.  Gilbert's  conclu- 
sion that  the  mountains  were  made  such,  out  of  horizontal 
strata,  by  the  ascending  trachyte,  which  "insinuated  itself 
between  the  strata,  and  opened  for  itself  a  chamber  by  lifting 
all  the  superior  beds."  (p.  19). 

The  steps  in  the  early  part  of  the  history  are  given  as  follows 
on  page  96  of  the  Report. 
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**  When  lavas,  forced  upward  from  lower-lying  reservoirs,  reach 
the  zone  in  which  there  id  the  least  hydrostatic  resistance  to  their 
aceamulation,  they  cease  to  rise.  If  this  zone  is  at  the  top  of  the 
earth^s  crust  they  huild  volcanoes ;  if  it  is  beneath,  they  build 
laccolites.  Light  lavas  are  more  apt  to  produce  volcanoes ;  heavy, 
laccolites.  The  porphyritic  trachytes  of  the  Plateau  Province 
produced  laccolites.'^ 

^  The  station  of  the  laccolite  being  decided,  the  first  step  in  its 
formation  is  the  intrusion  along  a  parting  of  strata,  of  a  thin  sheet 
of  lava,  which  spreads  until  it  has  an  area  adequate,  on  the  prin- 
ciple of  the  hydrostatic  press,  to  the  deformation  of  the  covering 
strata.  The  spreading  sheet  always  extends  itself  in  the  direction 
of  leasts  resistance,  and  if  the  resistances  are  equal  on  all  sides, 
takes  a  circular  form.  So  soon  as  the  lava  can  uparch  the  strata 
it  does  BO,  and  the  sheet  becomes  a  laccolite.  With  the  continued 
addition  of  lava  the  laccolite  grows  in  height  and  width,  until 
finally  the  supply  of  material  or  the  pro{)elling  force  so  far  dimin- 
ishes that  the  lava  clogs  by  congelation  in  its  conduit  and  the  in- 
flow stops."  ''A  second  irruption  may  take  place  either  before  or 
alter  the  first  is  solidified.  It  may  intrude  above  or  it  may  intrude 
beneath  it ;  and  observation  has  not  yet  distinguished  the  one 
from  the  other.  In  any  case  it  carries  forward  the  deformation  of 
cover  that  was  begun  bv  the  first,  and  combines  with  it  in  such 
way  that  the  compound  form  is  symmetric,  and  is  substantially  the 
same  that  would  have  been  produced  if  the  two  irruptions  were 
combined  in  one.  Thus  the  laccolite  grows  by  successive  accre- 
tions until  at  length  its  cooled  mass,  heavier  and  stronger  than 
the  surrounding  rocks,  proves  a  sufficient  obstacle  to  intrusion." 

The  lifting  force  was  thus  due  to  the  forced  upward-flow  of 
the  lava :  and  it  became  able  to  overcome  the  resistance  from 
the  weight  and  cohesion  of  the  rocks  above  by  spreading  into 
an  opening  between  the  horizontal  strata,  and  widening  the 
area  of  pressure. 

The  force  communicated  to  the  lavas  at  their  source  below 
was  hence  sufficient,  it  would  appear,  to  throw  a  stream,  in  spite 
of  friction  along  the  passage  and  the  density  of  the  material  (at 
least  2*83  in  fusion),  for  an  unknown  number  of  miles,  up  to 
thclaccolith  level ;  and  sufficient  at  this  point,  further,  to  lift, 
in  the  case  of  the  lowest  of  the  laccoliths,  a  superincumbent  mass 
of  beds  10,000  feet  thick  (supposing  the  Tertiary  at  top  3,000 
feet  of  it)  and  2*25  in  average  specific  gravity  (equivalent  in 
pressure  to  675  atmospheres)  to  a  height  of  5,000  feet 

The  Report  offers  no  views  as  to  the  origin  of  the  propelling 
force.  Whatever  the  source,  it  is  possible  that  some  accession 
of  energy  may  have  come  from  vapors  derived  by  the  ascend- 
ing lavas  from  subterranean  moisture  or  waters  encountered  on 
their  way  up,  though  slight  compared  with  the  vast  amount 
received  from  action  below. 
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The  idea  in  the  commencement  of  the  above  citation — that 
hydrostatic  pressure  determined  the  level  of  the  laccolith  among 
the  strata — is  dwelt  upon  at  length  in  the  preceding  pages  oi 
the  Beport  The  author  argues  that  the  relation  as  to  density 
between  the  liquid  trachyte  and  the  several  associated  stratified 
rocks,  and  between  the  latter  among  themselves  (the  several 
densities  of  which  he  gives),  is  the  chief  cause  determining  the 
level  among  the  strata  of  the  laccoliths ;  saying  that  the  lava, 
free  to  move  upward  or  laterally,  will  intrude  itself  among  the 
strata  at  a  point  *'so  placed  that  everv  combination  of  superior 
beds,  which  includes  the  lowest,  shall  have  a  less  average  den- 
sity, and  every  combination  of  inferior  strata,  which  includes 
the  highest,  shall  have  a  greater  density,  than  that  of  the  lava." 
'*  If  the  fluid  rock  is  less  dense  than  the  solid,  it  will  pass 
through  it  to  the  surface,  and  build  a  subaerial  mountain,  (mt 
**  volcano ;"  if  more  dense  than  the  upf^er  portion  of  the  solid 
rock,  the  fluid  will  not  rise  to  the  surface,  but  will  pass  between 
the  heavy  and  light  solids,  and  lift  or  float  the  latter."  Cohe- 
sion in  the  rocks  modifies  the  result;  but,  he  says,  neverthe- 
less, after  discussing  this  point,  '*  we  are  led  to  conclude  that 
the  conditions  which  determined  the  results  of  igneous  activity 
were  the  relative  densities  of  the  intruding  lavas  and  of  the 
invaded  strata;  and  that  the  fulfillment  of  the  general  law  of 
hydrostatics  was  not  materially  modified  by  the  rigidity  and 
cohesion  of  the  strata." 

We  refer  to  the  report  for  a  full  explanation  of  this  part  of 
Mr.  Gilbert's  theory.  To  the  writer,  his  explanation  appears 
to  be  complete,  without  reference  to  this  difference  of  density. 
With  so  powerful  a  forced  movement  in  the  lavas  as  the  facts, 
if  they  are  rightly  interpreted,  show  to  have  existed,  no  other 
cause  could  be  needed  for  a  flow  to  the  surface  in  case  of  an 
open  channel,  or  for  a  flow  to  any  level  in  the  strata  at  which 
a  fissure  might  terminate ;  and  this  is  true,  whether  the  lava  be 
light  or  heavy.  In  fact  heavy  lavas,  having  a  specific  gravity 
of  2*85  to  8'1,  make  the  larger  part  of  modem  volcanic  cones, 
as  well  as  of  non-volcanic  igneous  outflows,  and  one  of  the 
lighter  lavas — trachyte,  of  tne  specific  gravity  2'61,  by  Mr. 
Gilbert's  determination — made  the  laccoliths. 

These  lighter  lavas  are  adapted  to  the  purpose  because  they 
are  the  least  fusible  of  ordinary  igneous  rocks;  and  they  owe 
their  difficult  fusibility  to  the  orthoclase  feldspar  which  is  the 
chief  constituent,  whose  fusibility  on  Von  KobelVs  scale  is 
marked  5,  while  that  of  albite  is  marked  4,  and  of  labradorite 
and  volcanic  augite,  8.  Such  lavas  are  hence  easily  chilled 
and  thicken  greatly  in  the  upper  part  of  narrow  fissures  or  of 
volcanic  conduits,  and  it  is  for  this  reason  that  they  have  often 
made  steep-sided  domes  over  subaerial  vents. 
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If  the  first  step  in  the  history  of  the  laccoliths  was  the  mak- 
ing of  interseoting  fissures  narrowing  upward,  some  reaching  to 
the  surface,  it  may  be,  and  others  to  different  levels  in  the 
strata,  the  trachytic  lava  passing  up  would  tend  to  become 
thickened  by  cooling,  or  might  even  become  solidified,  in  the 
upper  part  of  such  fissures,  because  of  the  large  extent  of  the 
cooling  surbces  as  compared  with  the  amount  of  liquid.  But 
along  their  intersections  it  would  be  most  sure  to  remain 
liquid,  and  here  conduits  would  become  localized,  from  which 
the  upward  forced  liquid  rock  might  spread  laterally,  what- 
ever the  height,  and  produce  the  laccolith.  The  readv  cool- 
ing of  the  trachyte  would  tend  to  limit  the  lateral  flow  of 
the  lavas  in  such  chambers,  and  so  aid  in  producing  the  thick 
form  of  the  laccolith,  besides  preventing  a  waste  of  energy. 
With  intermissions  in  the  flow,  the  trachyte  of  the  chamber 
would  be  intermittent  in  its  enlargement,  and  receive  that 
depee  of  bedded  structure  which,  according  to  Mr.  Gilbert, 
exists. 

The  facts  give  some  hints  as  to  the  source  of  the  great 
force  prodocing'^the  upflow  of  lavas  in  non-volcanic  fissure- 
cieotiona.  Thev  make  the  vast  extent  of  such  outflows,  as 
tnose  over  California,  Oregon,  India  and  other  r^ions,  intelli- 
gible. Volcanoes  are  small  outlets  compared  with  fissures  that 
extend  for  miles,  and  the  forces  they  command  are  feeble  com- 
pared with  the  action  which  makes  such  fissures.  The  opening 
of  one  or  more  great  fissures  is  the  initial  step  in  the  making  of 
a  volcano;  and  the  volcano  is  the  open  chimney  or  vent  left 
after  the  fissure-action  had  spent  its  force — a  point  illustrated 
by  the  writer  in  his  account  of  the  Hawaiian  islands  and  their 
volcanic  origin.*  J.  D.  Dana. 


Art.  IV. — Some  Thoughts  on   the  Glycogenic  Function  of  the 
Liver.    IL  Disposal  of  Waste ;  by  Joseph  LeConte. 

[Bead  to  the  National  Academy  of  Sciences,  October  30, 1879.] 

In  my  previous  paper,f  I  attempted  to  show  that  the  well 
bown  ana  remarkable  fact  that  nearly  the  whole  food  absorbed 
irom  the  alimentary  canal  is  distributed  through  the  liver  be- 
fore it  reaches  the  general  circulation,  is  proof  that,  in  a  very 
important  way,  the  jiver  prepares  the  food  for  the  uses  to  which 
it  18  applied  in  the  animal  body :  and  further  that  the  prepara- 
tion is  accomplished  by  the  glycogenic  function.  According 
to  my  view  there  are  three  sources  of  fflycogen,  viz:  1.  The 
whole  of  the  amyloids:  these  are  arrested  in  the  liver  as  glyco- 

*  EzpL  Exp.  Rep.  Geology,  1849.  f  '^^^^  Journal,  xv,  99, 
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gen  and  re-delivered  as  liver-sugar,  little  by  little  as  required, 
and  burned.  2.  Albuminoid  excess :  this  is  split  into  a  combns- 
tible  portion  (glycogen)  which  is  delivered  to  the  blood  as  live^ 
sugar  and  burned,  and  an  incombustible  portion  which  is  either 
urea  or  rapidly  sinks  into  urea  and  is  eliminated  by  the  kidneya 
S.  Waste  tissue:  this  is  also  split  in  the  liver  and  disposed  of  like 
the  last  There  are  the  same  three  sources  of  vital  force  and 
animal  heat,  viz:  1.  the  combustion  of  the  whole  of  the  amy- 
loids ;  2.  the  combustion  of  the  combustible  portion  of  albumi- 
noid food  excess ;  and  S,  the  combustion  of  the  combustible 
portion  of  waste  tissues.  Therefore  the  function  of  the  liver  is 
to  prepare  all  the  fuel  of  the  body,  and  this  fuel  is  only  liver^ 
sugar. 

Now  it  has  been  brought  to  my  attention  that  my  account  of 
the  disposal  of  waste  is  in  conflict  with  the  usual  view  of  phvsi- 
ologists,  which  view  is  supported  by  many  facts.  Let  us  then 
state  sharply  the  difference. 

According  to  the  usual  view,  oxygen  taken  in  at  the  lungs 
is  carried  by  the  arterial  blood  to  the  tissues,  there  seizes  with 
avidity  upon  these  at  the  moment  of  their  decomposition, 
changes  tnem  into  CO,,  H,0  and  urea ;  and  then  these  final 
products  of  combustion  only  are  carried  by  the  venous  blood 
to  be  eliminated  by  lungs  and  kidneys.  According  to  my 
view  on  the  contrary,  waste  tissue  is  not  burned  or  chained 
into  final  products  at  once,  but  circulates  as  incombustible 
matter  dissolved  in  the  blood,  is  carried  to  the  liver,  and  there 
prepared  for  final  combustion  and  elimination,  and  only  there- 
after does  it  unite  with  oxygen  to  form  CO,  and  H,0.  We  see 
the  contrast ;  which  view  is  right  ? 

There  are  some  facts  which  strongly  support  each  view.  The 
usual  view  that  waste  tissue  is  burned  at  once  and  only  the 
final  products  of  combustion  circulate  in  the  blood,  is  supposed 
to  be  sustained :  1.  by  the  fact  that  the  change  from  bright  to 
dark  blood,  the  exchange  of  oxygen  for  carbonic  acid,  and 
therefore  the  combustion,  takes  place  principally  if  not  entirely 
in  the  capillaries  and  therefore  in  contact  with  the  tissues ;  ana 
2,  by  the  additional  fact,  that  increased  activity  of  any  organ, 
e.  g.,  a  muscle,  is  attended  with  increased  heat,  increased  waste, 
and  therefore  presumabljr  of  increased  combustion  of  waste,  Bui 
on  the  other  hand,  my  view  is  sustained  by  the  experiments  of 
Schiff,  already  alluded  to  in  my  previous  paper.  These  experi- 
ments prove  m  the  most  positive  manner,  that  poisonous  waste 
is  carried  to  the  liver  and  there  decomposed  and  made  compa^ 
atively  innocuous. 

Here  then  are  two  incontestible  facts :  1.  The  combustion  of 
waste  takes  place  principally,  if  not  wholly  in  the  capillaries 
and  therefore  in  contact  with  the  tissues.    2.  The  waste  is  not 
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baraed  as  sacfa,  as  soon  as  formed,  bat  must  be  carried  to  the 
liver  to  be  prepared  for  final  combustion.  These  two  facts 
must  be  brought  together  and  reconciled.  I  think  this  may  be 
done  as  follows : 

First,  it  must  be  remembered  that  waste  is  but  a  small  fraction 
of  the  materia]  used  as  fuel,  by  far  the  larger  portion  of  such 
material  being  food  which  never  becomes  tissue  at  all,  viz : 
amyloids  and  albuminoid  excess.  Now  these  also,  although  they, 
or  the  fuel  made  from  them,  are  confessedly  carried  and  burned 
in  the  blood,  are  burned  principally  in  the  capillaries  and  there- 
fore in  contact  with  the  tissues.  The  reasons  then,  for  burning 
combustible  food  principally  in  the  capillaries,  would  equally 
apply  to  burning  combustible  waste  in  the  same  place,  and 
tber^ore  the  fact  that  combustible  waste  is  burned  principally 
in  the  capillaries  is  no  argument  that  it  is  burned  as  soon  as 
formed.  Evidently  then  the  question  is  not  one  which  concerns 
the  combustion  of  waste  alone,  but  the  combustion  of  all  fuel. 
The  question  is,  why  does  combustion  of  the  combustible  por- 
tion both  of  food  and  waste,  take  place,  and  therefore  both  heat 
and  other  forms  of  force  are  generated,  in  the  capillaries  and  in 
oontact  with  the  tissues?  The^naZ  cause  is,  indeed,  plain 
enoagh ;  it  takes  place  there,  because  there  the  force  is  wanted ; 
bat  what  is  the  physical  cause,  or  the  process  which  determines 
this  result?     There  are  probably  several. 

1.  The  blood  is  much  longer  time  in  the  capillaries  than  in 
any  other  portion  of  its  course,  and  therefore  even  if  the  rate  of 
combustion  be  uniform,  the  amount  of  combastion  would  be 
greater  there  than  in  any  other  place ;  and  moreover,  if  in- 
creased activity,  increases  heat  and  tlierefore  combustion,  it 
does  so  because  it  also  increases  the  blood-supply. 

2.  But  probably  the  rate  of  combustion  in  the  course  of  cir- 
culation is  not  uniform.  It  is  probable  that  the  tissues  them- 
selves are  an  apparatus  for  causing  or  accelerating  combustion. 
The  termination  erf  nerve-fibers  in  the  tissues,  and  the  control- 
ling influence  of  nerves  over  all  functions,  suggests  that  the 
discharge  or  the  arrest  of  nerve-current,  in  some  way  which  we 
do  not  yet  understand,  is  the  principal  cause  of  combustion  and 
therefore  of  generation  of  force  there.  Farther :  it  has  been 
suggested  to  me  by  Mr.  Christy,  an  assistant  in  the  chemical 
laboratory,  that  the  chemical  process  may  possibly  be  something 
like  this:  oxygen  is  carried  by  the  haemoglobin,  the  fuel  is 
carried  as  liver-sugar  by  the  plasma,  side  by  side  in  the  same 
corrent;  nerve  discharge  reverses  the  order  of  affinity  and  the 
oxygen  immediately  leaves  the  hsemoglobin  to  seize  the  sugar. 
Id  most  tissues,  such  as  many  glands,  etc.,  which  are  constantly 
active;  and  in  all  tissues  so  far  as  the  function  of  nutrition  is 
concerned,  the  process  is  continuous  and  under  the  influence  of 
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the  sympathetic  or  vaso-moter  system.  In  muscular  contrac- 
tion^ on  the  other  hand,  the  discharge  is  powerful  and  periodiCi 
and  under  the  influence  of  the  voluntary  or  of  the  reflex  system. 

3.  It  is  probable  also,  nay  almost  certain,  that  the  first  de* 
composition  of  tissue,  short  of  combustion,  i.  e.  the  first  forma- 
tion of  waste,  being  a  descensive  change,  a  change  from  a  less 
stable  to  a  more  stable  condition,  is  itself  a  process  by  which 
heat  and  other  forms  of  force  are  generated.  This  oi  coarse 
takes  place  only  in  the  tissues. 

My  view,  therefore,  is  briefly  as  follows :  The  liver-sugar 
formed  from  the  sources  already  mentioned,  1st,  commences  to 
burn  in  the  capillaries  of  the  lungs,  and  2n(i,  continues  to  bum 
in  the  course  of  the  arterial  circulation.  The  combustion  thus 
far  produces  only  heaU  But  Srd,  the  main  combustion  takes 
place  in  the  capillaries,  probably  under  the  influence  of  uerve- 
discharge,  and  this  part  generates  not  only  heat  but  other  fvrm$ 
of  force  characteristic  of  the  peculiar  tissua  But  the  fact  that 
the  main  combustion  takes  place  in  contact  with  the  tissues, 
has  misled  physiologists  to  believe  that  the  tissues  themselves 
are  burned. 

It  seems  to  me  that  physiologists  do  not  even  yet  sufficiently 
appreciate  the  function  of  the  blood  as  a  reservoir.  The  blood 
must  be  regarded  as  a  reservoir  not  only  for  oxygen  and  car- 
bonic acid,  but  also  and  still  more  for  food^  for  fad  and  for 
waste.  It  is  now  well  recognized  as  a  reservoir  for  oxygen  and 
carbonic  acid,  but  not  sufficiently  for  food  and  waste.  The 
tissue-food  of  to-day,  is  not  used  for  building  to-day  ;  but  the 
blood  is  drafted  upon  for  materials  for  this  purpose  and  re- 
supplies  itself  from  albuminoid  food.  The  amyloid  food  of  to- 
day, is  not  burned  to-day ;  but  the  blood  is  arafted  upon  for 
fuel  and  re-supplies  itself  from  the  liver,  while  the  liver  in  its 
turn,  re  supplies  itself  from  the  amyloid  food.*  So  also  waste 
tissue  of  today  is  not  mainly  burned  and  eliminated  to-day  ; 
but  the  blood  is  again  drafted  upon  for  fuel  from  this  source 
and  re-supplies  itself  from  the  liver  and  the  liver  from  the 
tissues. 

Finally,  it  will  be  observed  that  the  view  which  I  here 
present,  as  to  the  disposal  of  waste,  is  in  some  respects  inter- 
mediate between  the  view  of  the  old  physiologists  under  the 
guidance  of  Lavoisier,  and  the  usual  modern  view.  According 
to  the  old  view,  waste  is  dissolved  in  the  blood,  carried  to  the 
eliminating  organs  especially  the  lungs,  and  there  burned  with 
rejection  of  the  products  of  combustion.     The  lungs  is  there- 

*  The  rapiditj  with  which  the  fucl-supplj  in  the  blood  is  exhausted  by  activity 
and  restored  by  food,  is  far  ^rreater  in  some  insects,  e.  K-,  bees,  than  in  higher 
animals.  In  bees,  one  hour  of  activity  without  food  entirely  exhausts,  while  food 
restores  in  tive  minutes.  This  is  tlie  result  of  the  extraordinary  nervous  and  mus- 
cular activity  of  these  insectn. 
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3  the  farnace  of  the  body.  According  to  the  usaal  modern 
tr,  oxygeD  is  taken  into  the  blood,  is  carried  to  the  tissues, 
*n8  there  on  the  spot  the  waste,  and  the  products  of  combus- 
0  are  then  carried  to  be  eliminated  in  the  lungs.  The  old 
w  is  right  in  supposing  that  waste  is  carried  in  the  blood, 
^  wrong  in  supposing  it  to  be  combustible  and  therefore 
med  as  soon  as  it  meets  oxygen  in  the  lungs.  The  modern 
m  is  right  in  supposing  that  combustion  takes  place  mainly 
the  tissues  and  not  in  the  lungs,  but  wrong  in  supposing 
it  it  is  the  unprepared  waste  which  is  there  burned. 


rr.  Y.—On  Electrolytic  Phenomena;  by  Wallace  Goold 

Levison. 

•Inol  of  a  paper  read  before  the  New  York  Academy  of  Scienoee,  Febmarj 

10,  1879. 

In  1866  I  devised  a  battery  in  which  the  usual  plate  of  zinc 
other  electro-positive  metal  is  replaced  by  a  surface  of  liquid 
linm  or  potassium  aroal^m.  It  differs  from  any  such  bat- 
y  to  my  knowledge  previously  constructed,  in  that  the  amal- 
m  is  perfectly  fluid  and  its  surface  visible.  It  may  be  made 
two  forms. 


e  first  consists  of  a  glass  cup  containing  two  or  three  centi- 
iters  in  depth  of  10  per  cent  sodium  amalgam  and  filled  with 
ter.  In  this  water  a  flat  coil  of  platinized  lead  wire  is  sus- 
nded  over  the  amalgam,  and  through  a  perforation  in  the 
.e  of  the  cup  near  the  bottom  a  screw  cup  connects  with 
3  amalgam.  A  wire  from  this  screw  cup  forms  the  negative 
le,  a  wire  from  the  lead  coil  the  positive  pole.  This  battery 
strongly  alkaline,  yet  gives  quite  a  strong  current  The 
jond  lorm  is  varied  by  substituting  for  the  lead  coil  a  porous 
p  containing  nitric  acid  and  a  slip  of  platinum,  and  for  the 
.ter,  dilute  sulphuric  acid.  This  form  of  battery  gives  a 
ry  strong  current  When  several  cells  of  the  latter  form  are 
mbined,  on  making  or  breaking  circuit,  a  motion  of  the 


80  W.  O.  Levison — Bkctroiyiic  Phenomena. 

amalgam  is  observed,  which  seems  to  arise  from  its  being 
raised  in  the  center  while  the  current  flows  and  its  falling  to 
the  normal  level  when  it  is  interrupted. 

While  the  circuit  is  broken  there  is  a  constant  evolution  of 
hydrogen  gas  in  very  fine  bubbles  from  the  entire  surface  of 
the  amalgam.  When  the  circuit  is  closed  they  no  longer 
escape  freely  at  the  point  of  evolution,  but  glide  over  its  sur- 
face from  all  sides  toward  the  center  where  they  coalesce  to 
form  large  bubbles,  which  there  escape.  These  bubbles  are 
abnormally  spread  or  flattened  out  upon  the  surface  of  the 
amalgam,  escape  with  a  peculiar  trembling  as  if  with  difficulty, 
and  if  caught  under  the  porous  cup  they  still  exhibit  the  flat- 
tened aspect  On  breaking  the  current  they  become  hemis- 
pherical and  again  escape  readily  from  all  parts  of  the  liquid 
surface.  Some  of  the  phenomena  thus  observed  I  have  since 
contrived  to  exhibit  in  another  form  by  means  of  the  vertical 
lantern,  using  an  ordinary  horizontal  cell  five  inches  in  diameter, 
which,  however,  is  especially  prepared  for  the  purpose  by  cut- 
ting a  groove  in  the  glass  across  it  just  deep  enough  to  keep  a 
long  globule  of  mercury  in  place,  and  slightly  shallower  in  the 
middle,  so  as  to  hold  two  globules  of  mercury  opposite  each 
other.  When  a  globule  of  mercury  three  centimeters  long  is 
held  in  one  end  oi  the  groove  touched  bv  the  negative  pole  of  a 
four-cup  Bunsen  battery,  the  cell  filled  with  dilute  sulphuric 
acid,  the  positive  pole  touched  to  the  electrolyte  at  the  opposite 
end  of  the  groove,  and  by  means  of  an  included  signal  key, 
the  current  sent  through  the  circuit,  the  globule  of  mercury 
instantly  extends.  On  breaking  the  circuit  it  resumes  its  nor- 
mal form.  On  reversing  the  direction  of  the  current  by  a 
pole  changer,  again  closing  circuit  by  the  key,  and  allowing  the 
current  to  pass  continuously,  the  globule  is  at  first  agitated  and 
repelled  by  the  positive  pole,  but  after  a  moment  is  again  at- 
tracted. A  globule  at  the  opposite  pole  acts  in  a  similar  manner. 
Two  globules  at  opposite  poles  first  attract  each  other,  on 
reversing  current  both  are  repelled  for  a  moment  and  then 
being  again  attracted,  extend  toward  each  other.  The  exact 
amount  of  this  attraction  and  repulsion  may  be  measured  by 
means  of  a  perpendicular  U  tube  containing  mercury  and 
dilute  sulphuric  acid  over  the  mercury  in  one  branch,  the  bat- 
tery terminals  being  immersed  in  the  electrolyte  on  one  side 
and  mercury  on  the  other.  When  the  current  flows,  the  mer- 
cury column  being  the  negative  pole,  it  will  rise  toward  the 
positive  wire.  On  reversing  the  current  it  will  be  more  or  less 
repelled  below  normal  level.  A  capillary  tube  is  not  necessary 
as  it  may  be  a  centimeter  in  internal  diameter.  In  all  cases  of 
attraction  the  globule  or  column  seems  to  be  constricted  near 
the  end  as  if  it  tended  to  part  at  that  point  and  the  negative 
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globale  frequently  does  part  throwing  ofiP  a  small  globule  which 
rans  to  the  anode ;  in  all  cases  of  repulsion  the  end  tends  to 
spread  or  enlarge. 

Fusible  metal  in  hot  solution  of  sodic  sulphate,  or  dilute 
sulphuric  acid  in  a  glass  tube,  and  metallic  lead  under  fused 
chloride  of  sodium,  in  a  grooved  scorifier,  in  a  muffle  at  a  red 
heat,  exhibit  the  same  phenomena ;  hence  they  are  not  peculiar 
to  mercury  or  amalgams.  If,  instead  of  a  long  groove  as  de- 
scribed, a  series  of  five  short  grooves  be  cut  (as  shown  in  fig. 
8)  so  as  to  hold  five  globules  of  mercury  in  a  line  and  the  end 
globules  be  touched  oy  the  terminal  wires  (as  shown  in  fig.  4), 
on  making  connection  they  become  almond-sbaued  (as  shown 
in  fig.  6).  The  positive  globule  extends  toward  the  negative 
pole,  the  other  four  all  extend  toward  the  positive  pole. 


3. 

^ 

6. 


If  the  terminal  wires  be  touched  to  the  second  and  fourth 
globules,  the  second  being  positive,  extends  toward  the  nega- 
tive pole,  the  middle  ana  fourth  extend  toward  the  positive 
pole,  and  the  end  globules  though  not  included  in  the  circuit 
extend  toward  the  center.  (See  fig.  6.)  These  are  fine  exper- 
iments to  project  before  an  audience,  and  they  may  be  greatly 
varied. 

In  both  these  cell  experiments  small  globules  that  lie  on  the 
plane  surface  of  the  glass  move  either  against  the  rim  of  the 
cell,  or  in  smaller  semi-circles  concentric  with  it  from  the  posi- 
tive to  the  negative  pole,  or  toward  the  end  at  which  hydrogen 
bubbles  are  escaping.  The  curves  in  which  these  globules 
move,  may  be  conveniently  regarded  as  lines  of  voltaic  force^  and 
the  space  between  and  surrounding  the  electrodes  as  the  vol- 
taic  field.  If  the  mercury  used  in  these  experiments  contain  the 
least  trace  of  zinc  or  other  metal,  the  phenomena  will  be  con- 
siderably modified. 

When  sodium  amalgam  is  substituted  for  pure  mercury  as 
tbe  negative  globule  in  the  single  globule  experiment,  it  is 
dways  at  first  repelled  as  though  it  had  previously  been  the 
negative  terminal,  and  then  the  poles  had  been  reversed. 
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When  pure  mercury  is  thus  employed  as  the  negative  elob* 
nle  under  sodic  sulphate,  it  becomes  sodium  amalgam,  aud  the 
violent  agitation  which  accompanies  the  repulsion  of  the  globule 
on  reversing  the  current  is  probably  due  to  the  rapid  oxidation 
of  the  occluded  sodium. 

When,  however,  sulphuric  acid  is  used  as  the  electrolyte,  the 
fflobule  could  only  occlude  hydrogen.  Since  in  the  latter  case 
It  acts  in  a  somewhat  similar  manner,  it  is  possible  that  hydro- 
gen is  thus  occluded,  and  from  its  rapid  oxidation  arises  the 
agitation  of  the  globule  on  reversing  the  current.  The  question 
might  perhaps  be  decided  by  the  Sprengel  pump. 

Two  platinum  electrodes  delicately  suspendea  near  together 
in  dilute  hydric  sulphate,  will  repeatedly  attract  each  other,  and 
at  the  moment  of  contact  fall  apart  again,  each  separation  being 
accompanied  by  a  bright  spars.  Two  plates  ot  carbon  deli- 
cately suspended  are  perceptibly  attracted  when  they  form  the 
electrodes  in  dilute  hydric  sulphate  or  other  electrolyte  of  a 
20cell  Bunsen  battery. 

The  attraction  of  solid  electrodes  may  be  due  merely  to  the 
escape  from  them  of  gas  bubbles,  but  the  motion  seems  to  be 
simultaneous  with  the  closing  of  the  circuit  and  to  precede 
momentarily  the  evolution  of  the  ga& 

The  currents  in  the  electrolyte,  to  which  most  previous  ob- 
servers have  attributed  the  movements  of  the  globules  of  mer- 
cury, may  be  beautifully  shown  by  projection  on  a  screen  if 
a  number  of  globules  between  the  poles  are  held  in  depressions 
in  the  rubber  bottom  of  an  ordinary  upright  clamp  cell. 

I  have  given  a  great  deal  of  consideration  to  the  phenomena 
described  in  this  paper  and  to  the  views  of  those  who  have 
studied  them,  and  though  I  am  not  able  to  give  expression  to 
the  law  by  which  they  are  governed,  I  can  not  accept  any 
suggestion  as  yet  advanced.  1  believe,  however,  that  they  offer 
the  way  to  an  important  discovery,  perhaps  the  mode  of  trans- 
mission of  the  electric  current,  when  the  methods  of  exhibiting 
them  herein  described,  the  abnormal  behavior  of  gas  bubbles  in 
the  sodium  amalgam  battery,  the  movements  of  metals  and 
alloys  other  than  mercury  itself,  the  transmission  of  globules 
across  the  voltaic  field,  tne  mode  of  measuring  the  attraction 
and  repulsion  unimpeded  by  capillary  force,  and  the  move- 
ments of  solid  electrodes,  attract  the  attention  of  observers 
provided  with  recent  facilities  for  experimentally  examining 
them,  and  that  the  results  may  lead  to  the  complete  develop- 
ment of  a  series  of  phenomena  that  have  long  awaited  inves- 
tigation. 
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Art.  VL — Notice  of  New  Forms  of  Fossil  Crustaceans  from  the 
Upper  Devonian  "BLocks  of  Ohio^  with  descriptions  of  New  Oen 
era  and  Species;  bj  R  P.  Whitfield.* 

In  the  16th  Report  of  the  State  Cabinet  of  New  York, 
there  is  described  and  figured  a  peculiar  bivalve  crustacean 
from  the  Hamilton  formation  of  New  York,  under  the  name 
Oaralioearis  punctatus.  It  is  again  repeated  on  Plate  23,  fig.  7, 
of  the  Illustrations  of  Devonian  Fossils,  Section  Crustacea,  under 
the  name  Ceratiocaris  (Aristozoe)  punciatus.  Among  the  fossils  of 
the  Ohio  Geological  Survey,  there  are  represented  three  species 
of  similar  form,  but  specifically  distinct  trom  the  above ;  and  I 
have  seen  examples  of  at  least  two  species  from  the  Hamilton 
and  Chemung  groups  of  New  York,  which  may  be  distinct 
from  any  of  these. 

These  fossils  diflTer  from  the  true  type  of  Ceratiocaris  in  so 
many  particulars,  and  to  so  great  an  extent,  that  it  is  quite 
impossible  to  include  them  in  that  genus.  The  reference  to 
Aristozoe  Barrande,  is,  however,  still  more  erroneous,  as  the 
forms  to  which  that  name  is  applied  are  true  Ostracoides^  hav- 
ing all  their  parts  concealed  within  the  carapace,  as  in  the 
Leperditia  2Lud  its  elYies]  while  the  forms  under  consideration 
are  provided  with  a  bivalve  or,  at  least,  a  two-sided  carapace, 
which  incloses  the  thoracic  portions ;  while  the  abdomen  and 
caudal  parts  are  naked,  or  not  inclosed  within  this  covering ; 
and  are  more  properly  classed  among  the  Phyllopods. 

That  this  latter  character,  the  naked  abdomen  and  caudal 
T^te,  pertains  to  these  organisms,  is  abundantly  proven  by  the 
Ohio  specimens  now  under  consideration.  The  fossils  are 
found  inclosed  in  small  concretions ;  and  there  would  be  but 
little  chance  for  specimens,  or  parts  of  specimens  of  different 
species,  or,  less  likely,  of  parts  of  individuals  of  distantly 
related  generic  forms,  to  be  inclosed  in  the  same  small  concre- 
tion; so  we  may  safely  conclude,  that,  where  parts  or  frag- 
ments of  individuals  of  corresponding  size  are  found  in  the 
same  concretion,  they  are  parts  of  one  individual  or,  at  least, 
of  the  same  species.  In  the  concretions  in  question  there  are 
two  examples  where  parts  of  the  naked  abdomen  and  caudal 
plate  with  its  accompanying  spines,  are  imbedded  in  the  con- 
cretion together  with  the  carapace  which  I  have  classed  as 
the  same  species.  This  I  consider  as  ample  proof  that  the 
parts  belong  to  the  one  individual ;  and  that  the  animal  of 
which  they  are  the  remains,  was  provided  with  a  naked  body 
and  spinose  caudal  appendage  as   in   Ceratiocaris.     It  is  also 

^  These  descriptions  will  be  repeated  in  vol.  iii,  Paleont  Ohio,  with  illustrationa 
of  the  species.    All  the  specimens  are  from  the  cabinet  of  Dr.  J.  S.  Newberry. 
Am.  JooB.  8oi.— Thibd  Sbbibs,  Vol.  XIX,  No.  109.— Jab.,  1880. 
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stated  in  the  Illustrations  of  Devonian  Fossils  that  one  specimen 
resembling  C,  punciatus  has  been  found  with  a  body  similar  to 
that  called  C.  armatus  attached  to  the  carapace,  showing  their 
individual  relations. 

The  several  species  above  mentioned,  while  differing  greatly 
from  Ceratiocaris^  possess  features  in  common  which  at  once 
characterizes  them  as  a  natural  group,  sufficiently  marked  to 
be  readily  distinguished.  I  therefore  propose  to  recognize  them 
as  a  distinct  genus  under  the  generic  name  EcHiNOCARis,  pos- 
sessing the  following  characters: 

EoHiNOGABis,  new  genus. 

Carapace  bivalve,  valves  subovate  in  outline;  united  on  the 
dorsal  margin  by  a  straight  hinge;  the  anterior,  basal  and  pos- 
terior margins  rounded,  and  generally  more  or  less  produced 
posteriorly.  Surface  of  the  valves  marked  by  a  more  or  less 
distinctly  elevated,  curved,  longitudinal  ridge,  centrally  or 
subcentrally  situated ;  also  by  one  or  more  (usually  three) 
vertical  ridges,  or  ridge-like  nodes,  extending  downward  from 
the  hinge-line  upon  the  body  of  the  valve,  and  usually  situated 
anterior  to  the  middle  of  the  length.  Abdomen  naked,  com- 
posed of  several  segments  (four  Known)  and  a  caudal  plate, 
which  is  produced  into  an  elongated  spine  with  a  lateral,  mov- 
able spine  on  each  side.  Posterior  margin  of  the  abdominal 
segments  bearing  spines  on  the  now  known  species.  Type 
Echinocaris  svhUvis  W hiti 

Among  the  genera  now  known  and  referred  to  the  Cera- 
tiocaridcej  there  are  several  distinct  types  of  structure,  indicated 
by  the  features  of  the  carapace  alone,  independent  of  the 
changes  which  take  place  in  the  abdominal  segments  and  in 
the  caudal  spine  and  appendages.  The  following  synopsis  of 
some  of  their  characters  may  serve  to  illustrate  their  peculiari- 
ties and  to  show  more  distinctly  the  relations  which  Echinocaris 
bears  to  other  known  genera. 

1st  section :  Carapace  more  or  less  elongated,  with  a  straight 
or  slightly  arched  dorsal  line;  anterior  end  sharply  rounded  or 
pointed  (rostrate);  posterior  end  truncate;  sides  convex,  smooth 
or  simply  striate,  sometimes  marked  by  a  simple  ocular  node 
near  the  antero-dorsal  margin ;  no  ridges  or  other  nodes.  Cera- 
iiocaris  McCoy,  1849;  CaryocarU  Salter,  1862;  Hymenocaris 
Salter,  1852 ;  i^lenocaris  Meek,  1872 ;  (?)  Colpocaris  Meek,  1872. 
The  last  somewhat  questionable  in  character. 

2d  section :  Carapace  similar  in  form  to  that  of  section  1, 
with  the  postero-basal  angles  produced  into  spines,  and  the  sur- 
face with  longitudinal  ridges.  Dithyrocaris  Scouler  (=^Arffas 
Scouler). 

3d  section  :  Carapace  rounded  at  both  extremities,  elongate- 
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elliptical  or  elongate-ovate  in  form,  with  a  straiglit  dorsal  mar- 
gin ;  surface  concentrically  striate,  no  nodes  or  ridges.  Lingu- 
Iccaris  Salter,  1866. 

4tb  section:  Carapace  triangular,  dor»al  margin  straight;  sur- 
face punctate  or  reticulate,  and  concentrically  striated  (growth 
lines  7)l     Diclyocaria  Salter,  1860. 

6th  section :  Carapace  suboval  or  subovate,  with  a  straight 
hinge-line:  surface  marked  with  longitudinal  ridges  or  repre- 
sentative nodes  and  ridges ;  surface  of  parts  smooth,  punctate 
or  pustuloses     Echinocaris^  new  gen. 

6th  section:  Carapace  broadly  oval  or  ovate;  no  straight 
cardinal  line,  consequently  no  hinge;  anterior  end  rostrated  or 
beaked ;  surface  destitute  of  nodes  or  ridges.  Physocaris  Salter, 
1860. 

7th  section:  Carapace  composed  of  three  pieces,  or  apparently 
of  three,  two  of  which  are  semi -circular,  with  the  anterior  end 
of  each  obliquely  truncate,  forming,  when  the  two  are  united, 
an  anterior  triangular  notch  into  which  the  third  or  ro8tral 

Elate  is  inserted ;  surface  concentrically  marked  by  growth 
nes ;  no  nodes  or  ridges.  Peltocaris  Salter,  1866 ;  IHscinocaris 
Woodward,  1866;  24/>/M:Aop5w  Barrande,  1872;  Pterocam  Bar- 
rande,  1872  (not  Heller,  1862). 

It  will  be  readily  seen,  from  the  above  synopsis,  that  Echino- 
carts  differs  materially  in  the  features  of  the  carapace  from  all 
the  other  genera  enumerated.  The  features  of  the  abdomen 
and  caudal  parts  are  not  as  reliable  as  those  of  the  canipace, 
but  are  somewhat  distinctive,  as  may  be  seen  by  the  following 
table  of  comparison.  (A  mark  of  interrogation  indicates  that 
the  parts  are  unknown  or  only  partially  known.) 

Otnm.  Abdomliuil  seffxnenti.  CmuIaI  spinet. 

Ceratiooaris 5  or  6  smooth  3 

JDithyrocaris 1  emooth  3 

Hymenocaris 8  smooth  6 

Dictyocaris 6  smooth  3? 

Physocaris 5  smooth  3 

Echlnocaria 4  spiDoy  3 

Discinocaris 4?  3? 

Peltociuris 3  smooth  3 

Caryocaria 1?  3 

Lingulocarifl ?  7 

Golpocaris ?  3 

Solenocaris   , ?  ? 

Aptychopsis ?  ? 

The  number  of  segments  here  allotted  to  any  given  genus 
indicates  the  maximum  number  of  naked  segments  known  : 
some  of  them  contain  species  having  a  smaller  number,  and  in 
some  a  much  greater  number  exists,  some  of  which  are  con- 
cealed within  the  carapace.  Thus  Ceraliocaris  is  known  to 
possess  in  one  species  fourteen  segments  in  the  abdomen,  only 
six  of  which  are  naked. 
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The  genus  Diihyrocaris  McCoy  is  described  as  having  three 
longituainal  ridges  on  the  carapace.  This  feature  is  seen  only 
when  the  two  valves  are  pressed  open  as  in  McCoy's  example, 
so  as  to  present  the  appearance  of  one  large  plate ;  in  which 
case  the  hinge-line  forms  the  middle  ridge. 

The  third  or  rostral  plate  in  Peltocaris,  Caryocaris,  IHsctno- 
carts  and  Aptychopsis^  would  appear  to  be  quite  analogous  to 
the  small  rostral  plate  seen  in  Ceraliocarisy  and  supposed  to 
exist  in  Diihyrocaris^  and  perhaps  some  others,  but  which  is 
usually  absent  It  is  possible  many  of  the  forms  may  have 
possessed  this  rostral  plate,  at  least  among  those  that  are  deeply 
notched  in  front  when  the  valves  are  spread  open.  In  this 
case  they  would  as  properly  be  considered  as  having  three 

{)lates  in  the  carapace  as  those  grouped  under  section  7.  The 
orms  of  this  section  are  usually  found  with  the  carapace  spread 
open  on  the  rock,  and  are  then  circular  and  discoicl,  but  when 
in  their  natural  position  would  have  been  more  or  less  roof- 
shaped. 

Colpocaris  Meek  presents  some  features  which  raise  a  question 
as  to  its  true  affinities.  The  longitudinal  crenulated  line  and 
the  inflection  of  the  supposed  ventral  border  do  not  seem  to 
be  properly  understood ;  and  I  am  of  the  opinion  it  may  belong 
to  a  different  group  of  Crustaceans. 

ECHINOCABIB  SUBLBVIS,  XL  Sp. 

Carapace  obliquely  subovate  in  general  outline,  the  height 
equal  to  two-thirds  the  length,  widest  and  deepest  behind  the 
middle,  the  posterior  portion  projecting  obliquely  backward 
and  downward  beyond  the  extremity  of  the  hinge-line ;  dorsal- 
line  straight,  forming  a  hinge-line  two-thirds  the  length  of  the 
valve ;  outer  margin  of  the  valves,  except  on  the  dorsum,  bor- 
dered by  a  narrow,  slightly  raised  and  thickened  rim ;  anterior 
border  nearly  vertical  from  the  extremity  of  the  dorsal  line,  for 
about  one-half  the  width  of  the  valve,  except  a  very  slight  round- 
ing backward  to  the  hinge-line  above ;  below  it  slopes  abruptly 
backward  to  and  along  the  basal  line,  and  again  more  abruptly 
curving  around  the  posterior  end  of  the  valve  and  forward  to 
the  extremity  of  the  cardinal  line;  below  which  it  is  distinctly 
excavated.  The  portion  of  the  valve  which  projects  beyond 
the  hinge  is  nearly  or  quite  equal  to  one-third  the  length  of 
the  valve.  Surface  of  the  valves  convex,  and  marked  by 
ridges  and  tuberclea  The  principal  ridge  commences  at  about 
the  anterior  third  of  the  valve,  and  just  above  the  middle,  as 
an  elevated,  rounded  and  nearly  vertical  ridge ;  but  soon  bends 
somewhat  abruptly,  and  is  directed  backward  in  a  broad,  sweep- 
ing curve,  at  less  than  one-third  of  the  height  of  the  valve  from 
the  lower  margin,  and  gradually  decreasing  in  strength  ter- 
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minates  a  little  within  the  margin  opposite  the  longest  part  of 
the  valva  A  second  and  slightly  stronger  rid^e  rises  from 
just  behind  the  middle  of  the  length  of  the  hinge,  descends  with 
a  gentle  forward  curvature,  and  terminates  near  the  upper 
anterior  end  of  the  first  ona  The  anterior  or  principal  tubercle 
is  large  and  distinct,  and  situated  near  the  antero-aorsal  angle 
of  the  valve,  occupying  the  greater  part  of  the  space  between 
the  front  margin  and  the  two  ridges  just  described.  Between 
this  and  the  second  ridge,  the  surface  is  elevated,  forming  a 
low  tubercla  The  surface  of  the  anterior  tubercle  is  occupied 
by  several  small  but  distinct  pustules,  and  the  entire  surface  of 
the  valve  is  covered  by  a  minutely  granulose  structure. 

Abdomen  apparently  consisting  of  four  free  segments ;  the 
first  one  being  short  and  much  thicker  than  the  others  on  the 
anterior  end,  but  rapidly  narrowed  posteriorly;  the  posterior 
margin  being  armea  with  several  small  spine-like  tubercles. 
The  other  three  segments  are  shorter  than  wide,  gradually 
decreasing  in  strength  and  increasing  in  length  backward,  the 
first  of  the  three  being  apparently  less  than  half  as  long  as 
wide,  their  posterior  margins  all  spine- bearing;  a  long,  curved 
spine  on  each  side,  with  three  short  ones  between,  and  all  in- 
creasing in  length  backward  from  the  first  or  anterior  segments 

Telson  proportionally  large,  of  a  general  triangular  form, 
but  slightly  protruding  at  the  origin  of  the  movable  spines, 
and  projecteo  behind  into  a  long,  slender,  and  apparently 
cylinarical  spine,  making  the  telson  with  its  spine  about  as 
long  as  the  four  free  segments  together.  Lateral  spines  cylin- 
drical, very  gently  curved,  and  standing  at  an  angle  of  about 
forty-five  degrees  to  the  central  spine.  Surface  of  the  telson 
highly  convex  and  somewhat  angular  at  the  origin  of  the  spine. 
Surface  of  the  crust  of  the  abdomen  smooth. 

This  species  is  closely  allied  in  the  form  of  the  carapace  to 
K  punctatus  {CeratiocarU  punctatus  Hall,  I6th  Bept.  State  Cab. 
N.  Y.,  p.  74,  plate  8,  fig.  1),  but  differs  in  the  form  of  the 
nodes  and  ridges,  and  in  the  surface  structure;  also  in  wanting 
the  projection  at  the  posterior  end  of  the  hinge,  if  this  feature 
is  natural  on  that  specimen.  It  is  probable  that  the  abdomen 
and  telson  figured  on  the  same  plate  under  the  name  CeraliO' 
caris  armatus  belongs  to  the  same  species  as  the  carapace  of 
E.  punctatus^  as  suggested  by  Professor  Hall  in  the  explanation 
of  plate  23,  section  Crustacea,  Illust.  Devon.  Fossils ;  and  if  so, 
the  distinction  between  these  two  parts  of  the  two  species  is 
much  more  marked  than  between  the  carapaces. 

Formation  and  locality, — In  small  calcareous  concretions  in 
the  Erie  shales  (Portage  and  Chemung),  at  Leroy,  Lake  County, 
Ohio. 
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ECHINOOABIS  FUBTinLOBAy  D.  6p. 

Carapace  ovate,  widest  anterior  to  the  middle,  the  greatest 
height  equal  to  three-fourths  of  the  length ;  hinge-line  straight, 
rather  more  than  half  as  long  as  the  valve,  while  nearly  one- 
third  the  length  of  the  valve  projects  behind  its  extremity; 
margin  of  the  valve  bordered  by  a  narrow,  thickened  rim ; 
anterior  end  of  the  valve  slightly  excavated  below  the  hinge 
extremity,  and  the  margin  broadly  rounded  in  front;  posterior 
end  more  pointed,  while  the  basal  line  is  broadly  ana  evenly 
curved.  At  the  posterior  end  of  the  hinge  the  margin  is  also 
slightly  constricted  as  in  front  Sur&ce  of  the  valve  convex 
and  marked  by  the  characteristic  nodes  or  ridges.  The  prin- 
cipal ridge  commences  in  an  oval  node,  which  is  situated  just 
within  the  anterior  third  of  the  length  of  the  valve ;  is  placed 
vertically,  just  above  the  middle  of  the  height,  and  the  hori- 
zontal portion,  which  is  sharply  elevated  and  slightly  curved, 
is  situated  almost  in  the  middle  of  the  width,  and  terminates  a 
little  less  than  one-fourth  of  the  length  from  the  posterior 
extremity.  The  second  ridge  commences  at  the  hinge-line 
near  the  middle  of  its  length,  and  descends  with  a  slightly 
forward  direction  to  within  a  verv  short  distance  of  the  top  of 
the  vertical  portion  of  the  principal  ridge.  The  anterior  ridge, 
corresponding  to  the  anterior  node  or  tubercle  of  E.  sublevis^  is 
narrow  and  nearly  vertical ;  of  a  slightly  sigmoid  form,  and 
originates  near  the  anterior  extremity  ot  the  hinge-line;  the 
lower  end  reaching  more  than  one-third  the  depth  of  the  valve. 
The  surface  of  the  ridges  and  of  the  valve  in  the  posterodorsal 
field,  as  also  of  the  space  below  the  principal  horizontal  ridge, 
is  marked  by  correspondingly  large  and  distinct  postules. 
Abdomen  and  telson  unknown. 

This  species  differs  from  E.  subktns  in  its  slightly  broader 
form,  and  in  the  want  of  the  obliquity  of  the  axis  of  the  valve 
with  the  hinge;  in  the  narrower  posterior  extremity,  pustulose 
surface,  and  in  the  form  of  the  surface  ridges;  most  notably  in 
the  anterior  one  being  ridge-like  and  vertically  sigmoid  instead 
of  round.  The  individual  used  in  description  is  half  an  inch 
in  length  and  three-eighths  of  an  inch  in  its  greatest  height. 

Formation  and  locality, — In  calcareous  concretions  in  the  Erie 
shales,  at  Leroy,  Lake  County,  Ohio. 

ECHINOCARIS   MULTINODOSA,  U.  Sp. 

Carapace  elongate-subovate,  about  twice  as  long  as  high, 
rounded  in  front  and  somewhat  pointed  behind;  the  basal 
line  straightened  along  the  middle  portion  and  parallel  to  the 
hinge-line;  cardinal  line  stmight  and  nearly  half  as  long  as 
the  length  of  the  valve,  and  a  little  nearer  the  anterior  thaa 
to  the  posterior  end  of  the  carapac&     Margin  of  the  valves 


from  the  Upper  Devonian  rocks  of  Ohio.  8& 

bordered  by  a  narrow,  elevated,  thickened  rim,  which  is 
expanded  considerably  in  width  aroand  the  anterior  end  of 
the  valre^  and  terminates  in  a  rounded,  elongated  ridge  at  the 
posterior  extremity  of  the  hinge;  from  which  point  the  ridge 
IS  directed  obliquely  forward  and  slightly  downward  from  the 
cardinal  Una  The  surface  of  each  valve  is  divided  into  three 
slightly  elevated  areas,  with  depressed  sulci  between ;  an  ante- 
rior, a  central  and  a  posterior  one.  The  first  is  situated  in  the 
middle  of  the  anterior  end  of  the  shell;  the  central  one  unites 
with  the  anterior  one  below,  and  extends  along  the  basal  mar- 
gin behind,  in  a  narrow  curved  point  below  the  posterior  one, 
and  projects  upward  near  the  center  of  the  valve  in  a  triangular 
form,  terminating  in  an  elevated  point  just  above  the  median 
line;  the  posterior  and  largest  area  is  ovate  in  form,  and  occupies 
a  little  less  than  one-half  the  length  of  the  shell,  is  narrowed 
in  front  and  pointed  behind,  taking  the  form  of  the  extremitv 
of  the  shell.  The  center  of  the  anterior  area  is  slightly  tumid. 
Along  the  hinge-line  and  just  below  its  margin  there  are  three 
sabangular  tubercles  or  nodes,  at  nearly  equal  distances  and  of 
nearly  equal  strength,  except  that  the  posterior  one  is  prolonged 
at  its  base  into  a  low,  rounded  and  slightly  curved  elevation, 
which  extends  to  near  the  point  of  the  central  raised  area 
before  mentioned.  These  three  nodes,  together  with  the 
oblique,  ridge-like  one  terminating  the  marginal  rim,  border 
the  hinge-line  on  each  valve.  General  surface  of  the  valve 
finely  punctate,  but  most  distinctly  so  on  the  posterior  field. 

The  elongated  form  of  the  carapace  readily  distinguishes 
this  from  any  of  the  other  species  described,  while  the  number 
of  node-like  ridges  is  a  very  marked  feature.  The  abdomen 
and  telson  of  this  species  have  not  been  observed,  although 
several  imperfect  carapaces,  mostly  showing  parts  of  both  valves, 
have  been  obtained. 

Formation  and  locality. — In  calcareous  concretions  in  the  Erie 
shales,  at  Leroy,  Lake  County,  Ohio. 

Associated  with  the  Entomostraca,  above  described  as  from 
the  concretions  of  the  Erie  shales  of  Ohio,  are  the  remains  of  a 
Macrouran  Decapod^  which  appears  to  differ  so  much  from  any 
described  genus  as  to  make  it  undesirable  to  refer  it  to  any  of 
them.  One  of  its  peculiarities  consists  in  the  possession  of  a  pair 
of  very  strong  antennal  appendages  which  project  from  beneath 
the  anterior  end  of  the  thoracic  carapace,  of  such  size  and  strength 
as  to  raise  considerable  doubt  as  to  their  true  nature.  The  exist- 
ence of  five  thoracic  limbs,  exclusive  of  these,  projecting  from 
beneath  the  carapace  on  one  side  would  seem  to  place  their  pedal 
nature  out  of  the  question ;  while  their  great  development  as 
seen  on  the  specimen  would  indicate  that  they  had  served 
some  purpose  other  than  simple  antennas,  and  to  raise  the 
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quesiion  as  to  the  possibility  of  tbeir  having  been  chelate  at 
their  extremities.  As  only  the  basal  portions  of  these  organs 
are  represented,  however,  this  question  cannot  be  satisfactorily 
determined.  Having  had  an  opportunity  of  consulting  Dr. 
A.  S.  Packard,  Jr.,  in  regard  to  them,  he  gave  as  his  opinion, 
that  from  their  position  and  the  representation  of  the  other  five 
pairs  of  thoracic  members  without  them,  they  could  not  be 
other  than  antennal  in  their  functions,  notwithstanding  their 
great  size  and  anomalous  character.  Taking  this  view  of  their 
nature,  the  specimen  would  conform  strictly  to  the  type  of 
Macrouran  Decapod& 

In  its  generic  relations,  as  well  as  in  its  general  expression, 
the  specimen  resembles  most  nearly  the  genus  Pygocephahis 
of  Professor  Huxley,  first  given  in  the  Quart  Jour.  &eol.  Soc. 
London,  voL  xiii,  p.  368,  1857,  with  figures  and  descriptions 
of  three  specimens,  under  the  name  P.  Oooperi  Neither  the 
genus  nor  species  were  well  characterized  at  that  time.  It  is,  how- 
ever, again  referred  to  in  vol.  xviii,  p.  420,  of  the  same  Journal, 
and  a  figure  given  of  a  specimen  supposed  to  be  of  the  same 
species,  much  better  preserved,  from  the  Coal  shales  at  Paisley. 
There  are,  however,  too  many  limbs  represented  as  originating 
from  the  thorax  for  a  Decapod;  and  the  antennse,  although 
represented  as  of  large  size,  are  not  like  those  of  the  Ohio 
specimen,  wbile  there  is  a  second  pair  shown.  In  other  parts 
the  figure  is  indistinct,  and  in  the  description  the  parts  are  not 
defined  sufficiently  for  close  comparison.  The  dififerences, 
however,  are  so  great  that  I  shall  propose  for  this  form  the  new 
generic  name  Pal^opal^mok,  with  the  following  diagnosi& 

Pal^opal^mon^  new  genus. 

A  Macrouran  Decapod  crustacean,  having  a  shrimp-lite 
body,  with  a  thoracic  carapace  narrowed  but  not  rostrate  in 
front,  and  keeled  on  the  back  and  sides.  Abdomen  of  six 
segments  terminated  by  an  elongated,  triangular  and  pointed 
telson ;  segments  arched ;  pleura  smooth,  not  expanded  nor 
lobed ;  their  extremities  rounded.  Sixth  segment  bearing 
caudal  flaps,  one  on  each  side,  composed  of  five  visible  ele- 
ments, the  outer  four  apparently  anchylosed  to  form  a  single 
large  triangular  plate  on  each  side  of  the  telson.  Thoracic 
ambulatory  appendages  elongated,  smooth  and  filiform,  except 
the  upper  (second)  joint,  which  is  laterally  compressed.  Ad- 
dominal  appendages  short,  the  upper  joints  flattened  or  convex 
anteriorly,  as  if  for  the  attachment  of  plates  or  fimbria.  An- 
tennae with  the  basal  joints  strong  and  well  developed,  of  large 
size,  much  exceeding  in  strength  any  of  the  thoracic  limbs. 
Eye-peduncles  short     Type  P.  Newberryi  Whitf. 
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This  is,  so  far  as  I  am  aware,  the  most  ancient  Decapod 
cnistacean  yet  recognized,  and  on  that  account  alone  is  of 
great  interest  The  character  of  the  caudal  plates,  in  having 
the  parts  combined  to  form  a  solid  plate  on  each  side  of  the 
telson,  is  also  an  interesting  feature,  if  rightly  understood. 
From  the  impression  of  the  plate  as  seen  on  the  ventral  side, 
it  was  at  first  supposed  to  be  of  a  single  element  only,  but  on 
obtaining  an  impression  in  the  fragment  of  rock,  chipped  from 
the  top  or  dorsal  surface,  the  obscure  lines  of  the  first  and 
second  joints  were  detected,  while  the  outer  three  are  only 
traceable  from  the  very  slight  difference  in  the  surface  char- 
acter of  two  of  them,  and  the  thickened  substance  of  the  third 
or  maijginal  ona  Of  the  thoracic  limbs  only  parts  have  been 
seen,  and  of  the  abdominal  members  the  three  anterior  ones  on 
one  side;  the  others  being  concealed  by  the  rock.  The 
abdominal  appendages  are  inclined  backward  from  their  point 
of  origin,  wnile  in  most  of  the  allied  living  forms  as  Atyotdes, 
Reffuhu^  Pandalua  and  others,  they  are  inclined  in  the  opposite 
direction  ;  but  this  is  not  necessarily  of  importance.  The  eye- 
stalks  appear  to  have  been  very  short,  judging  from  the 
spherical  cavities  beneath  the  anterior  extremity  of  the  cara- 
pace, which  are  small,  close  together  and  shallow. 

The  earliest  form  of  Decapod  crustacean  previously  described, 
so  far  as  I  can  ascertain,  is  given  by  Mr.  Salter  in  the  Quart. 
Jour.  Geol.  Soc  London,  vol.  xvii,  p.  631,  1861,  as  Paheocran- 
gon  socialts,  said  to  be  from  the  Lower  Carboniferous  limestone 
of  Fiefshire,  Scotland.  There  is  another  supposed  Decapod, 
Oitocrangon^  noticed  by  Richter  (Beitrage  Paleont.  Thuring.), 
from  the  Upper  Devonian,  which  is  mentioned  by  Salter,  but 
of  which  he  says  he  is  doubtful  if  it  be  a  crustacean  at  all. 
I  have  not  seen  the  work  in  which  the  original  description 
occurs,  and  can  only  judge  of  its  nature  from  Mr.  Salter's 
remarks. 

Paljbopaubmon  Newbebbti,  n.  sp. 

Body  slender,  the  carapace  forming  a  little  more  than  one- 
third  of  the  entire  length,  higher  than  wide,  narrowed  ante- 
riorly and  truncate  behind;  being  longer  below  than  above; 
median  line  carinate,  with  a  second  carina  on  each  side  a  little 
below  the  crest;  anterior  end  not  rostrate  but  obliquely  trun- 
cate, and  sloping  rapidly  backward  above  the  truncation,  form- 
ing, when  looked  upon  in  front,  a  narrow,  elongated  shield- 
shaped  and  slightly  depressed  area,  obtusely  pointed  above 
and  rapidly  widening  at  the  base,  the  lateral  carinee  rising 
from  the  lower  angles;  lower  posterior  angles  rounded;  basal 
mai^ns  gently  curved  throughout  and  bordered  by  a  narrow, 
thread-like  band  with  a  narrow  groove  within  it  Abdomen 
moderately  robust,  highly  arched  along  the  dorsal  line,  the 
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pleura  curving  inward  below,  giving  a  cylindrical  form.  Pleura 
oroadly  rounded  at  their  extremities  on  the  anterior  face,  but 
slightly  angular  on  the  posterior  corners;  posterior  maigin  of 
the  segments  strongly  arching  forward  on  the  back.  Telson 
elongate  triangular,  a  little  less  than  twice  as  long  as  wide, 
somewhat  angular  above  and  marked  by  a  central  ridge  below, 
and  by  a  bacKward  curving,  transverse  ridge  across  the  widest 
part  Caudal  flap  large,  forming  a  triangular  plate  on  each 
side,  the  first  and  second  joints  short  sub  triangular;  marginal 
plate  of  the  flap  thickened,  narrow  and  elongate ;  central  plate 
narrowly  triangular,  a  little  longer  than  wide:  third  or  inner 
plate  of  equal  length  with  the  second  and  a  little  wider  than 
the  marginal  one ;  the  three  combined  as  one,  being  apparently 
anchylosed  at  their  margins  to  form  a  solid  piece.  Antennn 
very  strong,  the  first  joint  half  as  long  as  the  thorax,  slightly 
swollen  in  their  lower  half,  and  flattened  on  the  under  side; 
the  other  portions  unknown.  Thoracic  limbs  very  slender  and 
only  of  moderate  length,  the  second  joint  latemlly  compressed, 
maKitig  the  height  nearly  double  the  width;  other  joints 
apparently  cylindrical.  Abdominal  limbs  known  only  by 
their  second  (?)  joints,  which  appear  to  be  triangular  in  form, 
widening  below,  flattened  and  plate-like  in  character  or  slightly 
convex  on  the  anterior  face,  (in  one  case  only,  a  single  thread- 
like appendage  can  be  seen,  as  if  projecting  from  the  outer 
lower  angle.) 

Surface  of  the  carapace  marked  by  very  fine,  tortuous  and 
interrupted,  raised  lines,  strongest  anteriorly  and  running  ob- 
liquely upward  and  backward;  also  by  a  single  slender,  dis- 
tinct, raised  ridge,  extending  more  than  one-fourth  the  length 
of  the  carapace,  originating  at  the  lower  anterior  angle  and 
passing  upward  and  backward,  with  a  bifurcation  at  the  ante- 
rior third  of  its  length.  Surface  of  the  abdomen  essentially 
smooth.  Caudal  flaps  marked  by  impressed  lines  increasing 
in  number  and  fineness  from  above  downward. 


Art.  VII. —  Upon  an  Optical  Method  for  the  Measurement  of  High 
Temperatures  ;  by  E.  L.  Nichols,  Ph.D.  (Gcittingeu). 

In  a  previous  paper*  a  series  of  experiments  upon  the  nature 
and  intensity  of  the  light  emitted  by  glowing  platinum  were 
described.  It  is  proposed  in  this  article  to  discuss  more  fully 
the  results  then  ootamed,  and  to  develop  from  them,  so  far  as  is 
at  present  possible,  an  optical  method  for  the  measurement  of 

*  On  the  Character  and  Intensity  of  tlie  Rajs  emitted  by  Glowing  Platinuai, 
vol.  xviii,  Dec.,  1879. 


Measurement  of  High  Temperatures,  48 

bigh  temperatures.  This  method  depends  upon  our  ability  to 
obtain,  from  results  such  as  are  recorded  iu  Table  DC  of  that 
paper,  a  general  expression  for  the  radiating  power  of  any 
^ven  body  as  a  function  of  the  temperature,  or,  what  amounts 
to  the  same  thing,  to  find  the  values  of  the  quantities.  A,  £ 
and  I,  in  Kirchhoff s  equation 

£       •  II?  to 

-  =  X  =  l-7-'  0) 

These  quantities  being  given,  the  temperature  of  a  source  of 
light  could  be  determined  by  comparing  the  intensity  of  por- 
tions of  its  spectrum — as  for  instance  those  lyin^  between  X 
and  X+dK  X'  and  X'-¥dX\  X",  and  X"+dX\  &c.— with  the  corres- 
ponding wave  lengths  of  the  spectrum  of  a  body  of  known 
temperature  and  of  known  emissive  and  absorptive  capacity. 
Eere,  as  in  my  former  paper,  are  to  be  understood  by  the  terms 
^*  absorptive  and  emissive  capacity,''  the  qualities  A  and  E,  as 
defined  by  Kirchhoff.*  Sucn  a  method,  even  though  its  accu- 
racy be  limited  to  that  attainable  in  other  spectrophotometric 
determinations,  would  bring  into  the  field  oi  quantitative  re- 
search, a  domain  in  which,  so  far  as  temperature  is  concerned, 
accurate  measurements  have  been  hitherto  unattainable. 

M.  Crova,  in  Comptes  Rendus^  has  suggested  a  similar 
method.  He  gave,  however,  no  measurements  of  glowing  tem- 
peratures upon  which  to  base  his  method,  and  ignored  entirely 
the  very  serious  diflBculties  to  be  overcome  before  it  can  be 
tnade  practically  available.  M.  Crova  proposes  the  following 
three  modes  of  procedure  : 

1.  "  Au  moyen  de  la  longueur  d'onde  de  la  radiation  qui 
limite  le  spectre  vers  le  violet "f 

2.  "  Par  la  position  du  maximum  calorifique  du  spectre  qui 
ae  rapproche  d'autant  plus  du  violet  que  la  temperature  d*^mis- 
sion  et  plus  haute." 

8.  "  Au  moyen  du  rapport  de  I'intensitfi  lumineuse  d'une 
radiation  determin6e  ^,  pris  dans  le  spectre  de  la  source,  & 
Vintensit^  de  cette  mfeme  radiation  du  spectre  d'une  source 
de  temperature  connue,  compar^e  au  rapport  des  intensit^s 
lumineuses  d'une  autre  radiation  X'  dans  ces  deux  m&mes 
spectres." 

"  ....  La  mesure  vigoureuse  des  temperatures  pourra  fetre 
faite  par  voie  spectrometrique  des  que  Von  connAitra  la  loi 
exacte  de  remission  pour  toutes  les  radiations  et  des  constantes 
nura6riques  pour  cbaque  longueur  d*onde " 

In  the  first  method,  the  visible  spectrum  is  falsely  assumed 
to  have  a  clearly  defined  boundary  at  its  end  nearest  the  violet. 

*  Kirchhoff.  Untereuchungen  iibor  das  Sonnenspectrum,  Anhaog,  §  2. 
t  GroTB,   Etude  spectrometrique  de  quelques  sources  lumineuses ;    Comptes 
BeaduB,  buxyii,  322. 
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In  point  of  fact  the  "  limit  of  the  spectrum "  admits  (see  voL 
xviii,  p.  400)  of  no  sharp  determination,  depending  as  it  does 
upon  the  constantly  varying  condition  of  the  observer's  eye. 

If,  as  is  commonly  supposed,  the  position  in  the  spectrum  of 
the  thermal  maximum  were  a  function  of  the  temperature,  the 
second  method  would  be  at  best  practically  applicable  to  but  a 
few  of  the  most  intense  sources  of  light.  Some  recent  discov- 
eries of  Dr.  Jacques  in  Baltimore,*  seem  to  show  that  the  posi- 
tion of  the  thermal  maximum  depends  upon  the  molecular 
weight  of  the  glowing  body,  and  that,  for  a  given  source  of 
light,  its  position  is  in  no  way  affected  by  a  change  of  tem- 
perature. This  newly  discovered  fact  renders  Grova's  second 
method  useless.  I  shall  show  presently  that  aside  from  Jacques* 
experimental  evidence  there  are  good  reasons  for  supposing  the 
position  of  the  thermal  maximum  to  depend  upon  the  nature  of 
the  glowing  body  rather  than  upon  its  temperature. 

The  third  method  coincides  with  that  which  I  have  pro- 
posed. The  chief  difficulty  in  the  development  of  it  lies  in 
the  varying  values  of  the  emissive  and  absorptive  capacity  of 
different  bodies. 

E 

In  Equation  (1)  the  fraction  ~  is  to  be  sure  independent  of 

the  nature  of  the  body  in  question ;  not  so,  however,  the  quan- 
tities E  and  A,  considerea  separately.  That  A^  possesses  for 
different  substances  widely  different  values  we  know  from  for- 
mer researches.  Hitherto,  however,  these  experiments  have 
been  confined  to  ordinary  temperatures,  and  the  question  of  the 
dependence  of  this  quantity  upon  the  temperature  has  been  for 
the  most  part  neglected. 

For  the  purposes  of  general  discussion  it  is  convenient  to 
divide  all  bodies  into  four  classes. 

L  Bodies  for  which  A=Constant,  for  all  wave  lengths  and 
for  all  temperatures. 

IL  Bodies  for  which  A  varies  with  the  temperature,  but  has 
the  same  value  for  all  wave  lengths. 

III.  Bodies  for  which  A  varies  with  the  temperature  and 
possesses  different  values  for  different  wavelengths,  but  for 
which  the  ratio  of  these  values  in  any  two  spectral-regions  X  to 
X-^dX  and  X'  to  X^-^-dX  is  independent  of  the  temperature. 

IV.  Bodies  for  which  A  varies  with  the  temperature  and 
wave  length  and  for  which  the  above-mentioned  ratio  is  also  a 
function  of  the  temperature. 

Black  bodies  are,  by  definition,  of  the  first  class.  Whether 
bodies  exist  for  which  A=Constant  <[1,  can  only  be  dete^ 
mined  by  special    experiment     To  the   second   class  belong 

*  Distribution  of  Heat  in  the  Spectra  of  yarious  aouroes  of  Radiation.    Cam- 
bridge, 1879. 
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bodies  whicb  absorb  all  colors  in  equal  proportion.  They 
appear  colorless  when  nearly  transparent,  white  or  gray  when 
ofMLqae,  according  to  the  intensity  of  the  light  falling  upon 
them  and  to  their  reflecting  power.  That  many  transparent 
bodies  belong  to  this  class  ana  not  to  class  I,  is  evident  from 
the  fiust  that  althoagh  they  remain  transparent  and  colorless  at 
temperatures  above  that  at  which  metals  are  red  hot,  it  is  possi- 
ble oy  heating  them  still  farther  to  cause  them  to  glow  brightly. 
Such  a  change  in  the  power  of  emission  corresponds  to  an  in- 
crease in  absorptive  capacity. 

That  in  general  the  absorptive  capacity  of  other  than  black 
bodies  cannot  be  a  constant  quantity  may  be  inferred  from  the 
usual  equations  for  the  intensity  of  the  reflected  ray.  Let  the 
body  in  question  be  opaque.  Of  all  ravs  falling  upon  it  one 
portion  will  be  reflectea,  tne  remainder  absorbed.  It  has  how- 
ever been  proved  that  such  bodies  are  in  general  transparent 
when  taken  in  sufficiently  thin  layers.  The  rays  must  there- 
fore instead  of  being  converted  into  heat  at  the  surface,  force 
their  way  to  a  certain  depth  into  the  interior  of  the  body,  and 
we  are  justified  in  assuming  that  refraction  occurs.  Let  r  be 
the  angle  of  refraction,  and  i  the  angle  of  incidence  of  a  certain 
pencil  of  light  falling  upon  the  substance.  Let  the  intensity 
of  the  incident  ray  =  1.  Whatever  the  character  of  its  vibra- 
tions— provided  only  that  in  accordance  with  the  accepted 
theory  they  be  transversal — the  ray  can  be  resolved  into  two 
components,  the  one  polarized  in  the  plane  of  incidence,  the 
other  perpendicularly  to  it.  Let  ep  and  e^  be  the  amplitudes  of 
these  components  the  intensities  of  which  are  denoted  by  fp 
and  f^     Then 

The  amplitudes  of  the  reflected  portion  of  the  component  ep 
will  be 

B -.,  »^)  (2) 

'      '  sm  (t+r)  ^  ' 

and  its  intensity, 

^'=-^'Bin'(»+r)  ^^) 

The  amplitude  of  the  other  part  of  the  reflected  ray  will  be 

B -e.  ^^°8<*7^>  (4) 

*        tang  (»+r)  ^  ' 

and  its  intensity 

•^'•tang*(»-fr)  ^  ' 

The  expressions  (8)  and  (6)  approach  0  as  a  limit  when  the 
values  of  r  and  i  are  made  to  approach  each  other.  In  other 
words,  when  the  optically  denser  medium  becomes  less  dense 
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the  intensity  of  the  reflected  ray  diminishes,  and  a  laiger 
portion  of  the  incident  ray  is  absorbed. 

We  know  that  in  the  case  of  liquids  their  refractive  index 
increases  with  their  physical  density,  and  that  generally  it 
chaoges  for  other  bodies  with  change  of  temperature.  The 
change  in  the  index  of  refraction  is  however  equivalent  to  a 
change  of  optical  density  and  of  the  quantity  (r— t) ;  so  that  we 
may  expect,  for  all  bodies  for  which  Fresnel's  formula  holds,  a 
change  in  the  intensity  of  the  reflected  ray  and  consequentiy 
of  the  absorptive  capacity  for  every  change  of  temperatura 

Those  substances,  at  the  surfaces  of  which  so-called  *^  metallic 
reflexion"  occurs,  are  not  included  int  his  argument,  since  the 
formulae  do  not  apply  to  them.  They  would  have  to  be  con- 
sidered in  the  lack  of  further  knowledge  as  possible  exceptions 
to  the  law. 

For  such  bodies  MacCullagh,*  making  use  of  the  hypothesis 
of  an  imaginary  angle  of  refraction,  assumed  for  r  the  follow- 
ing expression  : 

sin*  , — -   . 

sm  r=  —  cos  jf+V- 1  am  x>  (6) 

sin*.       «    I    •  «  V 

which  admits  of  the  common  definition  of  n 

sint 

sin  r* 
since  even  for  an  imaginary  angle, 

cos*  r -(- sin*  r  =  1. 
In  a  similar  manner  MacCullagh  assumes 

cos  r  =  ^  (cos  ;|^'-f  v^^Ti  gin  x%  0) 

where  m'  and  ;f'  are  functions  of  m  and  ;f. 
Substituting  these  values  in  equation  (8)  we  obtain, 

K'^m')'+4m^'  m*  sin'  (g-X') 
'  ""'-^  (m'+  m'*+  2m'  m  cos  (x—x'))* 
To  cause  Up  to  disappear  we  must  set  m=m'  and  )f=x'* 
MacCullagh  determined  experimentally  the  values  of  m  and  jfi 
but  I  know  of  no  researches  from  which  to  draw  any  conclu- 
sions concerning  the  influence  of  temperature  upon  these 
quantities. 

Cauchyf  gives  for  B^  the  following  expression, 

P  _  ^  Bin'(fT)-f  ^'sin'r 

^'  ""•''  sin*  {i+r)+y'  sin*  r  '  ^^' 

*  MacCullagh,  Proceedings  of  the  Irish  Academy,  i,  2,  169 ;  ii,  375. 
f  Cauchy ;  Comptes  Rendua,  11,  427 ;  Till,  553-658 ;  Ix,  727  ;  zxyi,  86. 
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aaking  use  of  the  hypothesis  that  the  intensity  of  the 
efracted  ray  within  the  metal,  diminishes  in  geometrical  pro- 
gression from  the  surface  inward.  Here  as  in  the  equations 
or  ordinary  reflected  light,  Bp  depends  upon  the  quantity 
in  (*— r).  In  what  manner  r  is  influenced  by  change  of  tem- 
)erature  has  never  been  experimentally  determined. 

I  have  found,  experimentally,  the  value  of  A  for  platinum 
it  1660^  C  (of  the  Pt  thermometer).  At  this  temperature  the 
pectrum  afforded  by  glowing  platinum  is  similar  as  regards 
ne  relative  intensity  of  its  various  wave  lengths  to  that  of  the 
lame  of  a  petroleum  lamp.  Such  a  lamp-flame,  the  luminous 
ays  being  emitted  by  hot  particles  of  carbon,  answers  most 
learly  of  any  available  source  of  light  the  definition  of  a  black 
)odj  glowing  at  a  constant  temperature. 

A  name  oi  this  kind  is  far  irom  being  opaque.  It  is  quite 
x)88ible  under  proper  conditions  to  read  fine  print  through  it, 
o  that  in  this  respect  the  flame  differs  from  a  perfect,  '"Mack 
ody^  I  measured  in  the  following  way  the  transparency  of  the 
)etroleam  flame  which  I  wished  to  use  in  the  experiments 
ibout  to  be  described. 

Sappose  such  a  flame  to  be  brought  into  position  before  the 
ipectrophotometer  so  that  a  certain  pencil  of  rays  would  fall 
ipon  the  slit  Were  the  flame  perfectly  transparent,  a  second 
)reci8ely  similar  one  and  equally  bright  would,  if  placed  be- 
lind  the  first  flame,  double  the  intensity  of  the  above  men- 
ioned  pencil  of  rays.  Were  on  the  other  hand  the  first  flame 
)erfectly  opaque,  all  rays  reaching  it  from  the  second  flame 
vould  be  cut  off,  and  the  light  arriving  at  the  slit  would  suffer 
lo  increase  in  brightness. 

The  nearest  approach  to  a  second  precisely  similar  flame  is 
he  real  image  oi  the  first  one.  This  image  would  be,  when 
)f  the  same  size,  of  weaker  intensity  than  the  flame  itself ;  but 
its  other  properties  should,  provided  the  mirror  absorb  all 
wave  lengths  of  light  in  equal  proportion,  coincide  perfectly 
with  those  of  the  flame. 

I  illuminated  both  halves  of  the  slit  of  the  spectrophotometer 
with  two  common  petroleum  lamps  with  flat  burners.  Before 
the  lower  flame,  was  adjusted  a  system  of  cross-wires,  of  which 
the  horizontal  ones  appeared  as  dark  lines  in  the  polarized 
spectrum.  By  means  of  these  it  was  easy  to  tell  which  portion 
of  the  flame  came  into  the  field  of  vision.  Behind  this  lamp  I 
placed  a  concave  mirror,  so  that  a  real  image  of  the  flame  was 
cast  upon  the  flame  itsell  This  image  was  of  the  same  size 
bat  weaker  than  the  flame.  Since  the  horizontal  wires  ap- 
peared in  the  spectrum  of  the  image  as  well  as  in  that  of  the 
flame,  forming  another  set  of  black  lines,  it  was  possible  to 
adjust  the  mirror  so  that  corresponding  portions  of  flame  and 


48  E.  L.  Nichols— Optical  Method  for  the 

image  coincided.  The  spectrum  formed  by  the  two  combined 
was  much  brighter  than  that  of  the  flame  alone,  and  it  was 
easy,  having  measured  the  increase  of  intensity  due  to  the 
image,  to  calculate  how  much  of  light  reflected  by  the  mirror 
and  falling  upon  the  flame,  was  absorbed,  and  how  much 
allowed  to  pass  through  it  In  making  this  calculation  it  was 
necessary  to  know :  the  reflecting  power  of  the  mirror,  the 
transmitting  power  of  the  lamp  chimney,  and  the  relative  in- 
tensity of  the  spectrum  of  the  flame  to  that  of  the  flame  and 
image  combined. 

First  of  all  the  transmitting  power  of  the  lamp-chimney  was 
investigated.  The  lamp  having  been  provided  with  an  exactly 
similar  chimney,  the  spectrophotometer  adjusted  and  the  spec- 
trum of  this  lamp  flame  having  been  compared  with  that  of  the 
flame  lighting  the  upper  half  of  the  slit,  the  chimney  to  be  ex- 
amined was  suspenaed  in  the  path  of  the  rays  between  the 
flame  and  slit,  whereupon  the  spectra  were  again  measured.  I 
found  that  the  chimney  permitted  the  passage  of  0'8578  of  the 
light.  Then  the  mirror  was  taken  in  hand.  The  lamp  beinff 
moved  a  few  centimeters  to  one  side  and  the  mirror  turned 
until  the  image  of  the  flame  occupied  the  former  position  of  the 
flame  itself;  the  intensity  of  the  resulting  spectrum  was  meas- 
ured. This  gave  as  illuminating  power  of  the  image,  0*6509  of 
the  flame's  intensity.  The  lamp  was  then  restored  to  its  place 
before  the  slit  and  the  mirror  readjusted  until  those  portions  of 
the  flame  and  image  which  appear  in  the  spectral  image  coin- 
cided. The  spectrum  of  this  double  source  of  light  was  then 
measured,  ana  by  repeated  intervention  and  withdrawal  of  a 
black  Hcreen  between  the  lamp  and  mirror,  compared  with  the 
spectrum  of  the  flame  above.  I  found  the  ratio  of  flame  and 
image  combined  to  the  flame  alone,  to  be  1*2075  : 1.  Had  both 
flame  and  lamp-chimney  been  perfectly  transparent,  this  ratio 
would  have  been  1'6609:  1.  The  eflect  of  the  lamp-cylinder 
being  eliminated  the  remaining  difference  is  naturally  to  be 
attributed  to  the  absorptive  capacity  of  the  flame ;  and  we  find 
A  =  0-6482. 

To  determine  the  value  of  A  for  platinum  at  the  temperature 
in  question,  it  only  remained  to  compare  the  radiation  of  a 
glowing  platinum  wire  with  that  of  the  flame.  The  wire  hav- 
ing been  given  a  temperature  of  1650°  (Pt.  thermometer)  for 
which  the  leucoscope*  showed  that  the  quality  of  the  light 
emitted  corresponded  precisely  with  that  from  the  petroleum- 
flame,  the  intensity  of  its  spectrum  was  measured  and  found 
as  compared  with  that  of  the  flame  to  be  as  1*198  : 1. 

The  value  of  A  for  platinum  at  this  temperature  is  accord- 
ingly, A  =  0*7597. 

*  For  the  method  bj  which  the  platiDum  wire  was  made  to  glow,  and  for  a 
description  of  the  leuoosoope,  see  Paper  I. 
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De  la  Provostaye  and  Desain*  give  as  the  reflecting  power  of  cold 
platinum  for  lamp  light  (anpolarized),  0*677,  so  that  for  this 
metal  when  cold,  A  =  0*828. 

The  difference  between  these  values  is  so  large,  that  making  all 
reasonable  allowance  for  the  inaccuracies  of  both  researches  it 
seems  certain  that  platinum  at  1660^  has  a  mtich  greater  absorp- 
tiue  power  for  the  rays  of  the  visible  spectrum  than  at  ordinary 
temperatures. 

This  experiment  shows  that  platinum  at  least,  of  those  sub- 
stances affording  metallic  reflexion,  oflers  no  exception  to  the 
general  law  deduced  for  other  bodies,  viz :  that  A  and  E  are 
Functions  of  the  temperature.  The  nature  of  this  function,  and 
the  dependence  of  A  and  E  upon  the  wave-lengths  of  the  rajs 
in  question  must  be  made  the  subject  of  special  and  extended 
investigation.  It  is  an  unexplored  domain.  Almost  the  only 
researches  which  give  substance  for  a  probable  surmise,  are 
those  of  Jacques  already  mentioned.  The  fact  that  the  position 
in  the  spectrum  of  the  maximum  of  thermal  intensity  is  a  func- 
tion of  the  nature  of  the  glowing  substance  and  independent  of 
its  temperature,  points  to  the  conclusion  that  solid  bodies  belong 
to  the  first  three  classes. 

The  effect  of  temperature  upon  the  spectra  of  gases  has 
already,  thanks  to  the  interest  lent  to  this  subject  by  its  impor- 
tance m  Spectrum  Analysis,  attracted  much  attention,  and  the 
existing  researches  admit  of  no  doubt  that  in  general  the  gases 
belong  to  the  fourth  class. 

The  steps  necessary  to  the  application  of  the  results  of  the 
first  article  to  the  proposed  method  of  measuring  high  tempe- 
ratures are  now  evident.  A  general  law  for  the  changes  of  the 
qnantity  A  must  be  experimentally  determined,  or  failing  in 
tnis,  its  values  found  for  the  various  glowing  bodies  it  is  most 
desired  to  raeasura  It  will  then  only  remain  to  subject  the 
results  in  Table  IX  (Paper  I)  to  a  further  reduction  so  that  they 
may  be  made  to  express  the  effect  of  temperature  upon  the  rays 
from  an  ideal  "  black  body''  instead  of  those  emitted  by  glowing 
platinum ;  and  finally  to  obtain  a  satisfactory  comparison  of 
the  platinum  thermometer  with  the  scale  of  the  Centigrade  air 
thermometer.  Experiments  to  this  end  are  in  preparation  by 
the  author. 

PeekskiU,  New  York,  Julj  1,  18*79. 

*  De  la  Provostaye  et  Deaaiiif  Comptes  Bendus,  xxxi,  p.  "512 ;  also,  Annales  de 
Ghimie  et  de  PhTsique,  III,  xzz,  276. 
Am.  Joub,  Sox.— Third  Sbribs,  Vol.  XJX,  No.  109.~Jan.,  1880. 
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Art.  VIIL — Recent  Explorations  in  the  Wappinger  Valley  Lime- 
stone of  Dutchess  County,  New  York ;  by  Professor  W.  R 
Dwight,  Vassar  College,  Pougbkeepsie,  N.  Y. 

No.  2. — Calcifebous  as  wkll  as  Trbmtok  Fossils  m  thk  Wap- 
FINGER  Limestone  at  Rochdale  and  a  TttEUXoy  localrt 
AT  Newburgh,  N.  Y. 

Haying  made  furtber  explorations  in  tbe  limestone  of  the 
Wappinger  Valley,  since  tbe  publication  of  my  former  article,* 
I  now  present  some  of  tbe  new  results  obtained ;  and  first  those 
at  Rochdale.  Before  doing  this  I  would  express  my  great  obli- 
gations to  Mr.  R  P.  Whitfield  and  Mr.  S.  W.  Ford,  for  their 
cordial  assistance  in  advising  me  concerning  fossils  of  whose 
nature  I  was  not  confident,  and  in  naming  several  wbich  I  had 
failed  to  identify. 

In  my  former  paper,  I  mentioned  finding  at  Rochdale 
fossils  01  tbe  Trenton  limestone,  whose  names,  as  &r  as  iden- 
tified, were  given.  I  have  now  to  report  the  discovery  also  of 
Calciferous  fossils  in  tbe  Rochdale  limestone  belt,  besides 
adding  to  tbe  facts  respecting  the  Trenton  fossils. 

The  Ghsetetes  of  the  Rochdale  Trenton  beds,  composed  of 
extremely  fine  columns,  described  as  probably  new,  and  for 
which  the  name  Ch.  tenuissima  was  suggested,  has  since  been 
identified  as  in  part,  at  least,  Stromatopora  compacta  of  Billinga,f 
which  Dawson  bas  shown  to  be  a  Chcetetes,  and  has  named  Cli 
compacta^  Since,  however,  the  greater  part  of  the  specimens 
observed  at  this  locality,  although  extremely  fine-columnar, 
are  yet  decidedly  and  uniformly  coarser  than  the  particular 
specimens  (from  Pleasant  Valley)  which  were  thus  identified, 
and  as  microscopic  sections,  which  are  under  study  by  myself 
and  others,  promise  to  show  other  constant  difierences,  I  do  not 
yet  abandon  the  name  proposed,  as  it  may  still  cover  tbe 
majority  of  these  corals.  I  leave  the  subject  until  further 
investi^tion  shall  enable  me  to  report  upon  it  more  decisively. 

In  addition  to  my  former  list  of  Trenton  fossils  from  Roch- 
dale, I  have  secured  quite  a  number  of  Cyathophylloid  corals: 
and  among  them,  with  liitle  doubt,  Petraia  corniculum,  in  some 
specimens  of  which  the  radiating  lamellss  are  very  well  defined. 
I  have  also  obtained  several  more  specimens  olLeptoena  serioea; 
a  large  number  of  Orthis  peclinella,  and  others  which  are  prob- 
ably 0.  tricenaria  ;  a  caudal  shield  of  a  trilobite,  which  has  been 
identified  by  Mr.  Ford  as  llla^nus  crassicauda^  and  is  nearly  two- 
thirds  the  size  of  the  largest  specimen  figured  by  Hall  ;j  and 

♦  This  Journal,  May,  1879.  f  ^^^  ^oss ,  1862,  voL  i,  Black  River  Group. 

t  N.  York  Geol.  Rep.,  PaL,  vol  i,  PI.  60. 
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a  head  of  Echino-encrinites  anatifamiis,  distorted,  which  must 
have  been  nearly  two  centimeters  in  horizontal  diameter.  The 
star-shaped  rays^  discernible  on  some  of  its  plates,  leave  hardly 
a  doubt  as  to  its  being  the  species  mentioned,  which  occurs,  as 
I  have  certainly  found,  at  another  locality  mentioned  bejond. 

The  QwMea  compacta  (7)  exists  here  in  remarkable  abun- 
dance, sometimes  forming  masses  as  large  as  a  human  head  or 
lai^ger.  The  ChoUeles  lycoperdon  has  not  yet  appeared  in  any  of 
its  forma.  The  abundant  encrinal  columns  are  of  the  small 
size  usaal  in  this  limestone;  one  of  them  is  one  decimeter 
long  and  seven  millimeters  in  width. 

I  have  already  mentioned  my  discovery  at  Salt  Point,  in  the 
same  Wappinger  limestone  belt,  six  miles  northeast  of  Boch- 
dale,  and  four  northeast  of  Pleasant  Valley,  and  also  at  another 
place  two  miles  northeast  of  Pleasant  Valley,  of  numerous  uni- 
valves coiled  nearly  in  a  plane,  and  of  small  and  delicate  Ortho- 
oerata.  Lately  I  have  found  abundant  outcrops  of  the  rock 
containing  these  fossils  at  JRochdale,  in  close  contiguity  to  the 
Trenton  exposures. 

Farther  study  of  these  fossils,  in  consultation  with  the  able 
paleontologists  mentioned  above,  with  the  finding  of  addi- 
tional species,  enables  me  to  report  essential  progress  in  the 
study  of  these  crystalline  strata.     The  rock  containing  these 
fossils,  wherever  found,  differs  as  a  mass  lithologically  from  the 
Trenton  rock  at  the  Bochdale  exposure,  and  the  difference  is 
so  marked  that,  as  they  lie  apparently  side  by  side  at  Eochdale, 
with  conformable  dip,  the  two  kinds  of  strata  are  readily  distin- 
guished by  a  passing  glance.     While  such  lithological  differ- 
ences are  not  to  be  pressed  as  to  rock-masses  where  these  are 
separated  by  great  distances,  they  may  be  of  great  importance, 
even  in  spots  where  fossils  happen  to  be  absent,  in  studying 
the  rocks  of  a  limited  neighborhood.     The  Trenton  rock  here 
is  of  a  dark  bluish  color,  massive,  but  with  some  shaly  portions, 
and  generally  very  distinctly  crystalline — that  is,  when  it  is 
broken,    sparkling  with   crystalline   facets  about  one  or  two 
millimeters  in  diameter.    Though  somewhat  siliceous  and  trav- 
ersed occasionally  by  siliceous  veins,  or  containing  hornstone 
nodules,  it  is  neither  eminently  arenaceous  nor  closely  inter- 
sected with  flinty  veins.  Its  weathered  surface  is  simply  the  ordi- 
uary  gray  of  weathered  limestone.  The  other  limestone  rock,  and 
the  predominating  rock  of  this  region,  is  however,  in  general,  sev- 
eral shades  lighter  than  the  Trenton,  often  of  a  "dove"  color; 
it  is  uniformly  fine-granular  in  structure,  with  visible  crys- 
talline facets  an  exception  ;  and  it  is  traversed  to  a  remarkable 
de^;ree  with  either  an  angular  network  of  siliceous  seams,  or  a 
twisted,  curved,  and  knotted  network,  always  suggesting  fucoids, 
and  very  frequently  showing  an  undoubtedly  fucoidal  nature. 
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Moreover  its  weathered  surface  is  almost  invariably  white 
(frequently  as  much  so  as  white  leadY  and  highly  arenaceons; 
and  its  fossils  are,  when  weathered,  ot  the  same  character.  The 
fracture  is  apt  to  be  much  more  splintery  and  conchoidal  than 
that  of  the  Trenton  beds. 

The  fossils  which  in  several  places  abound  in  this  lighter- 
colored  rock,  do  not  leave  us  in  doubt  as  to  its  nature.  I  have 
found  specimens  of  the  following  identified  specimens : 

Ophueta  complanata.  This  species  is  found  at  Wallace's 
quarry,  Salt  Point,  and  is  one  of  the  coiled  univalves  of  that 
place  mentioned,  but  not  identified,  in  my  previous  article.  It 
occurs  also  at  the  railroad  cut  two  miles  northeast  of  Pleasant 
Valley,  and  abundantly  at  Rochdale.  In  general  appearance 
it  resembles  the  figure  given  by  Vanuxem  in  his  New  York 
Geological  Report  (p.  80\  though  it  is  often  larger  and  more 
delicate  in  its  structure  tnan  the  somewhat  rough  figure  repre- 
sents. It  is  possible  that  this  may  be  the  0.  oompacUi^  the  two 
species  differing  so  slightly  that  some  authors  (as  Billings*) 
suppose  them  to  be  only  varieties  of  the  same. 

Ophileia  levata.  This  is  less  numerous  than  the  preceding,  bat 
is  quite  as  well  marked.  It  is  found  at  Salt  Point,  and  at 
Rochdale. 

Ophileia  {Maclurea)  itordida,  A  number  of  specimens  oocnr 
at  both  localities  last  mentioned.  The  ellipsoid  form  which 
induced  Vanuxem  to  call  the  species  Ellipsolites  leaves  little 
room  for  doubt 

Orlhoceras  primigenium.  I  have  found  perhaps  a  dozen  speci- 
mens  of  this  Orthoceras,  all  quite  well  markea  ;  and  from  the 
indications  of  fragments,  should  say  that  it  Ls  rather  abundant 
at  both  localities,  but  especially  at  Rochdale.  The  numerous, 
delicate,  considerably  curved  septa  are  very  distinct  Some  of 
my  specimens  are  from  two  to  three  inches  lon^.  In  every 
instance  they  are  shown  in  nearly  central  longitudinal  sections 

There  are  other  univalves  like  Ophileta,  or  Hdicoloma^ 
which  I  have  not  yet  made  out ;  and  some  smaller  Orthocerata. 
The  univalves  from  Salt  Point,  previously  described  as  appar- 
ently containing  septa,  and  which  I  supposed  therefore  might 
be  Trocholites,  are  probably  Ophileia  (levata  f)  as  the  septa 
prove  to  be  false. 

These  fossils  often  occur  within  the  meshes  of  a  network  of 
fucoidal  fronds,  which,  at  Rochdale  at  least,  assume  a  more  or 
less  tubular  form  for  the  stems.  These  may  be  Buthotrephii 
antiquaia^  but  are  too  indistinct  to  be  identined  satisfactorily. 
This  rock  does  not  contain  the  abundant  Chaetetes,  the  encrinal 
columns  of  the  contiguous  Trenton,  nor  any  other  of  the  fossils 
found  in  that  stratum. 

*  GeoL  Can.,  voL  i,  p.  246. 
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The  conclusion  is  unavoidable  that  the  rock  in  question  is 
Calciferous ;  and  it  is  probable  that  the  portions  containing  the 
Ophileta  are  the  ^'fucoidal  layers"  of  the  upper  part  of  the 
formation.  The  description  of  these  layers  given  in  Vanuxem's 
Beport  (p.  SO)  applies  exactly  to  those  of  Dutchess  County. 

In  carrying  mv  investigations  lately  to  the  continuation  of 
this  limestone  belt  across  the  Hudson  Kiver,  I  received  informa- 
tion from  Mr.  J.  N.  Weed,  Cashier  of  the  Quassaic  Bank  of 
Newburgh,  N.  Y.,  of  a  fossiliferous  locality  near  that  city.  It 
has  proved  to  be  very  rich  in  fossils,  both  as  regards  number 
and  variety.  Their  presence  here  has  certainly  been  known 
to  one  prominent  geologist;  but  it  was  evident  that  no  careful 
examination  had  been  made,  as  there  was  scarcely  a  mark  of  a 
chisel,  and  the  most  interesting  specimens  had  been  left  undis- 
turbed. The  locality  is  2J  miles  north  from  the  Newburgh  ferry, 
on  the  road  leading  to  the  brick-kilns  on  the  river,  and  oppo- 
site to  the  property  of  Dr.  W.  A.  Culbert  The  place  is  between 
four  and  five  miles  in  a  northeasterly  direction  from  the  quarry 
(D.  Miller's)  where  B.  P.  Whitfield  discovered,  in  July  last,  speci- 
mens of  Maclurea  magna  of  the  Chazy.  It  is  a  sloping  rock- 
face  about  twenty  feet  high  and  two  or  three  hundred  feet  long, 
directly  on  the  road,  at  the  point  where  it  first  comes  in  sight 
of  the  river.  The  rock  is  a  dark  crystalline  limestone  with  the 
dip  easterly  40®,  and  the  strike  N.  85°  E.  It  is  a  mass  of  small 
encrinal  columns  and  of  fine  Chsetetes.  One  of  the  most 
remarkable  features  is  the  presence  of  many  specimens  (I  have 
collected  about  twenty),  of  an  unusually  large  encrinal  column 
for  this  geological  horizon,  and  one  never  collected  (I  believe) 
in  this  State  before.  It  is  from  one-half  to  three-fourths  of  an 
inch  in  diameter,  and  has  been  identified  by  Mr.  S.  W.  Ford 
as  Cleiocrinus  magnificus  Billings,  hitherto  a  Canadian  fossil 
only. 

I  have  also  found  here  the  following  fossils  which  are  unmis- 
takably identified  (except  for  doubts  already  stated  as  to 
Ch.  compacla,) 

OrAis  LynXy  several ;  Orthis  pectinellaj  many  ;  Rhynchonella 
capaXy  several ;  Leptoena  sericea^  several ;  Sirophomena  altemala, 
abundant ;  Dtscina^  new  species,  many  ;  Chcetetes  compacla,  very 
abundant;  Chcetetes  lycoperdon^  var.  ramosus,  abundant;  col- 
umns of  Schtzocrinus  nodosus,  abundant ;  head-plates  of  Echino- 
mcrinites  anaiiformis,  abundant 

In  addition,  there  are  probably  the  species  0,  tricenaria  and 
Pttraia  {i^reptdasma)  corniculum,  with  pentagonal  crinoidal 
columns,  and  some  brachiopods  too  indistinct  perhaps  to  be 
identified. 

The  Discina  is  one  to  one  and  a  half  centimeters  in  diameter, 
with  an  unusually  conical  lower  value,  and  a  nearly  flat  upper 
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one,  the  peduncular  groove  being  in  the  conical  valve.  As  it 
is  evidently  new,  I  propose  for  it  the  name  D.  conicOy  and 
reserve  a  full  description  of  it,  and  further  remarks  on  the 
locality,  for  another  paper. 

These  developments  establish  this  beyond  doubt  as  a  stratum 
of  the  Trenton  limestone. 


Art.  IX. — On  the  first  Results  from  a  new  Diffraction  Ruling 

Engine  ;  by  William  A.  Rogbrs. 

Thb  best  diffraction  gratings  are  subject  to  three  classes  of 
errors : — 

First.  The  accidental  errors  of  single  subdivisions,  which  are, 
for  the  most  part,  due  to  the  irregular  motion  of  the  ruling 
diamond  upon  a  non-homogeneous  metal. 

Second,  The  periodic  or  systematic  errors,  which  are  a  func- 
tion of  one  revolution  of  the  ruling-screw. 

Third,  Errors  which  depend  upon  the  position  of  the  nut 
upon  the  screw,  and  which  are  equivalent  to  a  varying  pitch  of 
the  screw. 

The  errors  of  this  class  may  be  due  either  to  the  form  of  the 
screw  itself,  to  a  variation  in  its  diameter,  or  to  an  imperfect 
mounting  of  the  screw.  The  pitch  of  even  a  perfect  screw 
practically  undergoes  a  slight  change  with  every  variation  of 
the  amount  of  the  friction  between  the  moving  parts  of  the 
ruling-engine. 

Let  us  take  as  a  type,  the  magnificent  rulings  of  Mr.  L.  M. 
Rutherfurd,  executed  by  Mr.  D.  C.  Chapman.  These  gratings 
easily  surpass  all  others  in  their  resolution  of  the  lines  of  the 
solar  spectrum.  Here,  the  first  class  of  errors  is  so  far  wanting 
that  it  is  safe  to  say  of  a  given  space,  that  it  is  so  nearly  equal 
to  its  neighbor  that  the  most  rigid  investigation  with  the  micro- 
scope will  fail  to  reveal  any  difference. 

For  separate,  narrow  and  adjacent  spaces  then,  a  well-made, 
and  well-mounted  screw  is  subject  to  less  liability  to  error  than 
the  microscopic  observation  with  which  the  comparison  is  made, 
even  under  the  manipulation  of  the  most  skillful  observer. 

With  regard  to  the  second  class  of  errors,  viz :  those  which 
are  a  function  of  one  revolution  of  the  ruling  screw,  it  is  to  be 
said  that  the  danger  of  their  occurrence  is  far  greater.  Indeed, 
I  am  not  aware  that  they  have  ever  been  entirely  overcome. 
In  the  measures  of  single  narrow  spaces  they  easily  escape  de- 
tection. For  example,  suppose  we  nave  a  screw  having  a  pitch 
of  one-twentieth  of  an  inch,  in  which  tbe  first  half  of  one  revo- 
lution differs  from  the  second  half  by  one  ten-thousandth  of 
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ao  inch.  Each  half  will  then  have  an  error  of  one  twenty- 
thoiifiandth  of  an  inch.  But  this  maximum  value  is  made  up 
of  succcBsive  increments  of  very  minute  errors,  starting  wita 
the  zero  of  revolution.  If  the  graduations  are  ten  thousand  to 
the  inch,  there  will  be  five  hundred  spaces  in  half  a  revolution 
of  the  screw.  This  maximum  value,  then,  of  the  twenty- 
thousandth  of  an  inch,  a  Quantity  easily  measured,  will  be 
made  up  of  five  hundr^  adaitions  of  the  errors  of  the  succes- 
sive individual  spaces.  If  the  error  is  a  constant  one  for  each 
space.  Its  value  will  therefore  be  only  one  ten  millionths  of  an 
inch,  a  quantity  far  beyond  the  ultimate  limits  of  measurement 
with  the  microscope.  When,  by  one  hundred  successive  addi- 
tions, the  error  amounts  tx>  one  hundred  thousandths  of  an  inch, 
it  will  then  be  barely  within  the  limits  of  detection. 

In  Mr.  Kutherfurd's  screw  the  errors  of  this  class  are  nearly 
overcome  by  giving  an  excentricity  to  the  index  of  the  screw, 
sufficient  to  neutralize  them  at  the  quadrant  points  of  revo- 
lution ;  that  they  are  not  entirely  eliminatea  is  shown  not 
only  by  the  actual  measurement  of  distant  Hues,  especially  at 
the  octant  points  of  revolution,  but  also  by  the  fact  that  the  sur- 
face-waves, resulting  from  the  residual  systematic  errors,  are 
easily  seen  with  the  unaided  eye  when  the  gratings  are  exam- 
ined with  a  monochromatic  fiame. 

In  the  investigations  of  the  wave  lengths  of  li^ht  hitherto 
made,    no   attention    has    been   paid   to  the    periodic  errors 
which  are  a  function  of  one  revolution  of   the  ruling-screw. 
Our  present  knowledge  of  wave  lengths  depends  on  the  suppo- 
sition that  the  gratings  from  which  they  were  determined  are 
homogeneous  throughout  their  whole  extent     If  I  am  not  mis- 
taken, both  Angstrom  and  Van  der  Willigen,  who  have  done 
the  best  work  in  this  direction,  obtained  the  value  of  one  inter- 
val by  dividing  the  distance  between  the  end  lines  by  the  num- 
ber of  spaces.     It  is  at  least  possible  that  the  error  introduced 
through  the  neglect  to  take  into  account  the  varying  pitch  of 
the  screw,  may  be  of  appreciable  magnitude.     I  can  now  only 
note  in  this  connection,  that  when  oil  or  grease  is  used  as  a 
lubricant,  the  curve  which  represents  the  periodic  errors  usually 
lias  a  perceptibly  difierent  form  for  each  revolution.     The  com- 
pound error  thus  developed  introduces  a  class  of  secondary  sys- 
tematic errors  analogous  to  those  described  under  the  third  class. 
After  a  somewhat   careful  study  of  these  three  classes  of 
WTorg  in  connection  with  the  ruling-engine  constructed  for  me 
by  Buff  k  Berger  of  Boston,  I  determined,  about  two  years 
ago,  to  attempt  the  hazardous  and  costly  experiment  of  con- 
strocting  a  new  machine  which  should  be  capable  of  producing 
a  grating  homogeneous  throughout  its  whole  extent.     In  the 
execution  of  this  work  I  was  more  than  fortunate  in  securing 
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the  cooperation  of  Mr.  Ohas.  Y.  Woerd,  the  mechanical  s^pe^ 
intendent  of  the  Waltham  Watch  Factory.  My  warmest  thanks 
are  also  due  to  the  manager  and  treasurer  of  the  Company, 
Mr.  R  E.  Bobbins,  for  consenting  to  undertake  a  task  some- 
what outside  of  the  regular  work  of  the  factory. 

To  Mr.  Woerd  I  committed  the  entire  arrangement  of  the 
details  of  the  new  machine,  after  deciding  upon  the  general 
principles  of  its  construction. 

The  new  machine  is  now  so  nearly  completed  that  some  pro- 
visional work  has  already  been  done  with  it  It  would  be  pre- 
mature to  say  that  it  will  rule  a  grating  absolutely  without 
measurable  errors.  The  resolution  of  solar  lines  must  be  the 
final  test,  and  the  decision  on  this  point  I  must  leave  to  those 
who  may  use  the  gratings  which  I  hope  soon  to  make. 

I  venture  the  assertion,  however,  that  it  is  the  most  perfect 
piece  of  work  done  in  this  country,  and  I  doubt  if  its  superior 
IS  to  be  found  abroad.  I  feel  the  more  free  to  sav  this  because 
the  credit  for  the  execution  belongs  entirely  to  Mr.  Woerd  and 
to  Mr.  George  F.  Ballou  who  has  done  nearly  all  of  the  work. 
This  is  not  the  place  for  a  detailed  description  of  the  ma- 
chine. I  will  only  state  the  general  principles  on  which  it  is 
constructed. 

(a.)  In  the  usual  construction  of  a  precision-screw,  it  is  the 
custom  to  ffrind  and  polish  the  threads  with  fine  emery  by 
means  of  a  lead  nut,  aiter  the  thread  has  been  cut  as  perfectly 
as  possible  in  the  lathe.  A  definite  relation  then  exists  be- 
tween the  threads  and  the  centers  on  which  they  are  cut  Now 
in  grinding  and  polishing,  the  lead  nut  is  usually  held  by  the 
hand  as  it  traverses  forward  and  backward,  and  the  test  of 
the  uniformity  of  the  threads  is  entirely  one  of  feeling.  But 
during  this  operation  the  relation  between  the  threads  and  the  cen- 
ters may  be  entirely  changed^  since  the  action  of  the  lead  nut  no 
longer  bears  any  fixed  relation  to  the  centers.  Hence  when  the 
screw  is  mounted  with  respect  to  its  centers,  we  may  always 
expect  systematic  errors  of  various  kinds. 

in  the  construction  of  the  screw  of  the  Waltham  machine, 
an  attempt  has  been  made  to  avoid  the  errors  introduced  in 
this  way.  The  bottom  of  the  thread  was,  at  the  suggestion  of 
Mr.  Woerd,  entirely  cut  away,  giving  entire  freedom  in  the 
action  of  the  emery  upon  the  faces  of  the  threads.  The  screw 
rests  in  semi-circular  bearings,  and  is  kept  in  position  by  its 
own  weight  The  conical  ends  are  made  of  tempered  steel. 
One  end  presses  against  a  polished  diamond  face  ground  exactly 
perpendicular  to  the  axis  of  the  screw.  It  is  kept  in  contact 
by  means  of  a  steel  spring  bolt  working  against  the  other  end. 
I^he  nut  is  made  a  part  of  the  moving  bed-plate,  and  rests 
directly  upon  the  screw. 
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Usaally  the  aliquot  part  of  a  revolution  of  the  screw  is, 
g  the  process  of  ruling,  secured  by  means  of  a  pawl  act- 
ipon  the  teeth  cut  upon  the  index.  In  this  case  one  is 
3d  to  certain  fixed  arcs  of  revolution.  Tn  the  Waltham 
ine  a  magne^arm  24  inches  long  rests  upon  the  axis  of  the 
\  The  end  of  the  arm  works  between  two  movable  stops, 
ignet  fitted  to  the  curvature  of  the  index  is  attached  to  tne 
'  end.  Another  magnet  is  attached  permanently  to  the  bed 
e  machine  beneath  the  index.     During  the  upward  move- 

of  the  magnet-arm,  the  first  magnet  becomes  firmly 
bed  to  the  index,  carrying  it  forward,  an  arc  of  revolution 
iding  on  the  distance  between  the  stops.  During  the 
iward  movement  of  the  arm  the  index  is  held  in  position 
le  second  magnet 

will  be  seen  that  the  arc  of  revolution  may  be  made  to 
at  will  between  zero  and  a  value  limited  by  the  greatest 
Dce  between  the  stops,  which  in  this  case  corresponds  to  a 
yti  of  a  little  over  one  thousandth  of  an  inch  in  the  screw- 
■ 
le  index  of  the  screw  regulating  the  distance  between  the 

reads  directly  to  about  one  millionth  of  an  inch  ex- 
ed  in  the  corresponding  motion  upon  the  ruling  screw. 
$  these  divisions  can  be  estimated  to  tenths,  as  small  a 
noQcnt  as  one  ten-millionth  of  an  inch  can  be  given  to  the 
r-plate  with  entire  certainty  as  far  as  the  mechanical  indica- 
of  this  degree  of  precision  are  concerned, 
I  In  order  to  provide  for  the  neutralization  of  whatever 
3  might  be  found  to  exist  in  the  screw  in  actual  use,  the 
mwg  devices  were  adopted  : — 

)  Instead  of  allowiDg  the  magnet-arm  to  fall  upon  a  fixed 
it  falls  upon  a  circular  templet,  having  a  motion  in  revo- 
n  simultaneous  with  that  of  the  index  of  the  screw.  A 
iture  is  given  to  the  periphery  of  this  templet  which 
\\y  corresponds  to  those  measured  errors  of  the  screw 
h  depend  on  one  revolution. 

)  A  straight  templet  runs  parallel  with  the  screw  to  which 
ven  a  curvature  corresponding  to  those  errors  which  de- 

upon  the  position  of  the  nut  upon  the  screw.  This 
)let  is  supported  upon  a  vertical  fulcrum  placed  near  one 

Since  the  other  end  is  movable  between  guides,  it  is 
ous  that  in  effect  the  pitch  of  the  screw  can  be  varied  at 
by  an  easy  adjustment.  In  practice  however  it  is  found 
Br  to  secure  this  result  by  varying  the  distance  between  the 
8  of  the  magnet-arm. 

he  present  indications  are  that  neither  of  these  supple- 
tal  corrections  will  be  found  necessary. 
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{d^  In  the  investigations  of  wave  lengths  from  a  given  ruled 
grating  there  are  certain  requirements  which  seem  to  need  ex- 
perimental as  well  as  theoretical  research. 

First,  It  is  important  to  ascertain  the  best  relation  between 
the  width  of  the  lines  and  the  width  of  the  intervening  spacea 
In  this  machine,  after  having  obtained  a  good  line  of  a  given 
width,  the  width  of  the  spaces  can  be  varied  at  wilL 

Second,  All  we  can  say  of  the  wave-length  equation  X=^€  sinf, 
is  that  it  expresses  the  length  of  a  single  wave  of  light  of  a 
given  color.  When  we  take  into  consideration  the  conditions 
under  which  the  waves  reach  the  eye,  it  is  at  least  an  open 
question  whether  the  form  of  the  equation  is  not  somewhat 
more  complex.  As  an  illustration,  the  law  of  refraction  in 
passing  from  one  thin  stratum  of  atmosphere  to  its  adjacent  one 
IS  quite  simple,  but  it  does  not  follow  that  this  law  holds  good 
for  the  combined  strata  which  make  up  the  atmosphere  at  a 
given  altitude  above  the  horizon. 

In  order  to  ascertain  the  effect  of  errors  of  any  class  upon 
the  position  of  the  solar-lines  it  seems  important  to  determine 
the  effect  of  these  errors  experimentally.  Hence  the  machine 
has  been  constructed  in  sucn  a  way  that  it  is  possible  to  intro* 
duce  at  any  point,  either  any  single  error  of  a  given  magnitude, 
or  any  combination  of  errors,  without  interfering  with  the 
remaining  graduations. 

The  tremors  communicated  to  the  machine  by  the  running- 
machinery  of  the  factory  prevent  the  best  work ;  but  the  ex- 
periments already  made  justify  the  hope  that  when  it  is  per- 
manently mounted  upon  the  firm  foundation  already  prepared 
for  it,  work  may  be  done  which  will  contribute  something  to 
our  present  knowledge  of  wave-lengths.  In  this  connection 
also,  especial  attention  will  be  paid  to  the  expression  of  all 
measured  distances  in  terms  ox  the  standard  Meter  of  the 
Archives  at  a  temperature  convenient  for  usa  With  this  view 
a  standard  decimeter  subdivided  into  10,000  equal  parts  will  be 
taken  as  the  unit  of  comparison. 

As  a  type  of  the  character  of  the  work  already  done  I  will 
close  this  article  with  a  description  of  two  glass  plates  ruled  on 
different  days  with  the  same  setting  of  the  stops  of  the  magnet- 
arm.  The  stops  were  set  to  correspond  to  a  motion  of  one 
thousandth  of  an  inch  upon  the  screw.  The  machine  was 
started  at  10  o'clock  a.  m.  Between  12  and  1  o'clock  it  re- 
mained at  rest  It  was  also  at  rest  during  the  night  Starting 
again  at  7  o'clock  the  next  morning  it  was  stopped  at  9**  50^, 
having  ruled  4001  lines,  covering  a  space  of  four  inches. 

The  plate  was  then  removed,  and  another  one  was  placed  in 
position.  The  machine  was  again  started,  and  this  second  plate 
was  ruled  under  nearly  the  same  conditions  with  regard  to  time 
and  temperature  as  the  first  ona 
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laving  filled  the  lines  with  graphite  in  order  to  obtain  a 
.rper  definition  of  the  edges,  these  two  plates  were  then  placed 
e  to  face  in  a  mounting  of  stiff  balsam  in  the  same  direction 
that  in  which  they  were  ruled.  When  the  lines  at  one  end 
re  made  coincident,  not  only  were  the  other  end  lines  coin- 
ent,  but  every  one  of  the  4001  lines  exactly  overlapped  its 
ow.  With  a  power  of  800  I  was  unable  to  detect  a  single 
e  of  deviation  from  exact  superposition. 
Phis  experiment  merely  showed  that  the  machine  would  rule 
>  plates  exactly  alike  under  the  same  conditions,  but  it  gave 
indications  with  reference  to  the  homogeneous  character  of 

graduations.  But  when  the  plates  were  placed  face  to  face 
I  direction  opposite  to  that  in  which  one  of  them  was  ruled, 
n,  coincidence  being  made  between  the  lines  at  one  end,  a 
t  of  the  homogeneity  was  found  in  the  coincidence  of  the 
laining  graduations. 
Phis  coincidence  seemed  to  be  perfect  for  about  two  inches. 

that  point  there  was  an  abrupt  separation  amounting  to 
3ut  one  eight-thousandths  of  an  inch.  This  deviation  re- 
lined  a  constant  for  about  one  inch,  when  it  began  gradually 
diminish,  and  finally  disappeared  at  about  one  inch  and  one- 
If  fit)m  the  point  where  it  nrst  appeared. 
This  error  is  probably  due  to  a  change  of  temperature  during 
e  nights  on  wnich  the  machine  remained  at  rest  It  is  rather 
nous,  however,  that  the  error  should  have  taken  this  partic- 
ar  form.  It  is  not  surprising  that  it  escaped  detection  when 
e  plates  were  arranged  as  first  described.  In  the  second  case, 
e  lines  were  barely  separated,  but  the  separation  was  suffi- 
int  to  enable  one  to  measure  from  center  to  center.  In  the 
St  instance  the  overlapping  of  the  edges  was  not  sufficient  to 
net  attention. 

Unrard  College  Observatory^  October  28,  18*79. 
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The  opposition  of  Mars  in  1862,  and  the  experimental  deter- 
nation  of  the  velocity  of  light  by  Foucault  in  the  same  year, 
irk  the  beginning  of  a  new  era  in  the  history  of  the  deter- 
nation  of  the  solar  parallax.  Enpecia!  prominence  has 
cached  to  the  subject  ever  since,  not  only  from  its  inherent 
iportance,  but  also  from  the  rapidly  multiplying  determina- 
)ii8  of  this  constant  which  have  been  made,  and  the  vigor  of 
BCQssion  that  has  been  everywhere  prevalent  in  scientific 
itroDomical  circles. 
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If  the  generally  accredited  theories  of  the  solar  parallax  and 
inter-related  facts  and  phenomena  are  true,  the  better  class  of 
these  determinations  should  yield  values  of  the  parallax  in 
consistent  harmony  with  each  other — modified  only  by  deduc- 
tive consideration  of  the  amount  of  accidental  and  systematie 
error  with  which  they  are  severally  affected.  The  well  known 
fact,  however,  is  that  even  the  best  of  these  determiuations 
appear,  at  present,  singularly  and  unaccountably  discordant 
The  solar  parallax,  8''*848,  derived  by  Professor  Newcomb 
nearly  thirteen  years  ago,  generally  replacing  Encke's  value, 
8'^'67116,  was  regarded  with  caution,  only  bemuse  it  was  con- 
sidered too  small — the  researches  of  Hansen,  of  Le  Yerrier,  of 
Stone,  and  of  Winnecke  were  thought  to  have  defined  the 
parallax  far  outside  NewcomVs  value.  Within  two  or  three 
years,  however,  the  parallactic  pendulum  has  swung  quite  to 
the  lesser  extremity  of  its  arc,  until  the  true  value  of  the  solar 
parallax  has  appeared  possibly  below  8^'*8— and  that,  too,  with 
good  reason.  But  a  slight  gravitation  toward  a  central  value 
is  already  beginning  to  show  itself — and  now,  in  reality,  it  is 
not  at  all  possible  to  say  that  the  mean  equatorial  horizontal 
parallax  of  the  sun  is  so  much  as  a  hundredth  part  of  a  second 
diflFerent  from  the  ancient  figures,  8'''818  [27  "2  centesimal], 
adopted  by  Laplace  in  the  M^nique  C61este,  and  given  by  the 
first  discussion  of  the  Transits  of  Venus  in  1761  and  1769. 

The  method  of  determining  the  solar  parallax  through  the 
velocity  of  light,  though  dependent  on  the  results  of  physical 
experiments  conducted  under  necessarily  limited  conditions, 
has  never  given  a  value  of , the  parallax  at  all  inconsistent  with 
a  combination  of  the  best  of  the  purely  astronomical  deter- 
minations. And  this  consideration  encourages  indulgence  of 
the  hope  that,  at  some  time  in  the  not  far  distant  future,  this 
method  will  define  the  solar  parallax  within  very  much  smaller 
limits  than  astronomers  have  yet  known.  To  show  what  the 
method  is  competent  to  at  the  present  moment  is  the  object 
of  this  paper. 

I  bring  together  all  the  determinations  of  the  velocity  of 
light  which  have  at  all  the  merit  of  trustworthiness. 

I.  Fizeau  made  the  first  experimental  determination  of  the 
velocity  of  light,  in  1849 ;  his  experiments,  however,  hardly 
signify  more  than  the  completion  of  the  first  great  step  of 
proving  the  determination  to  be  a  physical  possibility.  The 
first  reliable  determination  was  executed  thirteen  years  later  by 
Foucault.  His  work  has  never  been  published  in  exienso,  but 
brief  papers  have  appeared  in  the  Comptes  Bendus,  vol.  Iv, 
lb62,  and  in  PoggtjndorflPs  Annalen,  vol.  cxviii,  1868.  The 
resulting  velocity  of  light  is  298,000  kilometers  per  second,  in 
which  Foucault  expresses  confidence   to  about  one-six-hun- 
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dredth  part  I  think  I  shall  not  be  regarded  far  wrong  in 
assigning  a  probable  error  twice  as  great  This  I  do  in  con- 
sideration ot  the  very  unfavorable  limitations  under  which  the 
determination  was  executed,  and  quite  independently  of  what 
has  since  become  known. 

IL  The  first  determination  by  Comu,  related  in  the  Journal 
de  r^filcole  Polytechnique,  xliv  cahier,  vol.  xxvii,  1874  The 
leaaltiiig  velocity  of  light  is  298,500^:^1,000. 

UL  The  second  determination  by  Cornu,  related  in  the 
Annales  de  i'Observatoire  de  Paris,  M6moires,  tome  xiii,  1878. 
The  resulting  velocity  of  light  is  800,400^:^800.     Helmert  has 

S'ven  a  rediscussion  of  these  experiments  in  the  Astronomische 
achrichten,  vol.  Ixxxvii,  1876.  His  interpretation  assigns  the 
velocity  299,990  kilometers,  the  probable  error  of  which  1  have 
estimated  at  200  kilometers. 

IV.  The  first  determination  by  Master  A.  A.  Michelson,  U. 
Si  Navy.*  The  resulting  velocity  of  liffht  is  800,100  kilo- 
meters. I  consider  this  determination  oi  equal  weight  with 
that  of  Foncault,  and  with  the  first  determination  by  Cornu. 

y.  The  second  determination  by  Mr.  Michelson.  The  num- 
ber of  this  Journal  for  November,  1879,  contains  a  brief  recital 
of  these  experiments.  I  shall  adopt,  for  the  purposes  of  this 
paper,  the  results  given  on  the  *'  corrected  slip,*'  for  his  second 
determination  of  this  constant  of  velocity. 

The  lai^est  result  for  velocity  of  light,  800,142  kilometers. 

The  smallest  result  for  velocity  of  light,  299,692  kilometers. 
Giving  equal  weight  to  the  one  hundred  separate  determina- 
tions, the  resulting  velocity  of  light  is  299,930  kilometers  per 
second.  I  find  that  the  computed  probable  error  of  this  deter- 
mination is  no  larger  than  six  kilometers.  But,  in  the  deter- 
mination of  almost  no  other  astronomical  or  physical  constant 
should  we  consider  the  computation  of  probable  error  of  the 
final  result  from  a  corresponding  number  of  observations  quite 
80  illusory.  In  consideration  of  all  the  sources  of  error,  acci- 
dental and  systematic,  I  think  the  probable  error  of  this  result 
may  be  estimated  at  100  kilometers. 

AH  these  several  determinations  of  the  velocity  of  light  are 
now  combined  as  follow  : — 

L  298000  ±  1000  Weight  1 

n.  298500  =b  1000  1 

III.  299990  db  200       25 

IV.  300100  ±  1000       1 
V.  299930  =fc  100      100 

Tbe  resulting  most  probable  velocity  of  light  is 

299,920  kilometers  =:  186,860  miles  per  second. 

*  ProoeedingB  of  the  Americen  Association  for  the  AdTsnoement  of  Sdenoe 
^  xiTii,  1878. 
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The  next  step  is  the  combination  of  this  value  with  astro- 
nomical constants,  for  the  determinntion  of  the  distance  of  the 
center  of  the  sun  from  the  center  of  the  earth. 

(I.)  Theory  and  observation  of  the  satellites  of  Jupiter  afford 
a  determination  of  the  time-interval  required  by  li^ht  in 
traversing  the  mean  radius  of  the  orbit  of  the  earth.  Omj  two 
astronomically  precise  determinations  of  this  interval  have  ever 
been  made :  the  first,  by  Delambre,  in  the  early  part  of  the 
present  century,*  from  a  discussion  of  an  immense  mass  of 
eclipses  of  the  satellites  of  Jupiter,  comprising  observations 
from  1662  to  1802 ;  the  second,  by  Glasenapp,  in  a  Russian 
thesis,t  in  which  there  are  discussed  the  observations  of  the 
first  satellite  of  Jupiter  from  1848  to  1873.  The  results  of  the 
two  determinations  are  as  follow  : — 

Delambre,  493"-2 ;    Glasenapp,  600»-84  ±  I'Oa. 

It  is  quite  impossible  to  judce  with  certainty  just  how  these 
two  widely  discordant  values  should  be  combineo.  The  former 
determination  rests  on  a  much  greater  number  of  observations 
than  the  latter ;  but  it  is  difficult  to  form  a  just  estimate  of  the 
worth  of  an  average  last-century  observation  of  an  eolipse  of  a 
satellite  of  Jupiter.  And,  moreover,  astronomers  have  no 
means  of  knowing  the  process  of  discussion  which  led  the 
distinguished  French  astronomer  to  his  result — ^which  he  has 
adopted  in  his  own  tables  of  the  satellites,  and  which  was 
adopted  by  Damoiseau  in  his  Tables  Ilcliptiques,  published  in 
1836.  The  latter  determination  rests  upon  a  mass  of  observa- 
tions of  definite  excellence,  which  have  been  discussed  afber 
the  modem  fashion.  I  combine  the  two  values  giving  weight 
unity  to  the  first,  and  weight  two  the  second.  The  adopted 
value  of  k  is,  therefore,  498''3,  which,  combined  with  the  con- 
stant of  light-velocity  just  deduced  gives  the  mean  radius  of 
the  orbit  of  the  earth  equal  to 

149,460,000  kilometers= 92,866,000  milea 

If,  now,  we  combine  this  result  with  the  value  of  the  equa- 
torial radius  of  the  earth  derived  by  Listing,:}: 

a  =  6377*^-377  [3-8046421] 
z=  3962»-790  [3-598001 IJ 

there  results  the  mean  equatorial  horizontal  parallax  of  the 
sun,  8" -802. 

(11.)  The  velocity  of  light,  the  constant  of  aberration,  and 
appropriate  elements  of  the  terrestrial  orbit  are  combined,  the 
equation  of  connection  being, 

*  Tables  ficliptiques  des  Satellites  de  Jupiter,  par  Delambre,  Paris,  1819. 
t  CpaBHeHle  Haiui04eHilt  dariftaltt  CayrHiBon  lOniTcpa  Ci  Ta&iiqaaa  daTStall  ■ 

VeiKir  COBOK)  .  .  .  C.  r^aaeHana  .  .  .  G.-IIeTepEypn>.  .  .  .  1874. 

X  Neue  geometrische  und  dynamische  Constanten  des  Erdkorpers.  Eine  Fortsei- 
zung  der  Untersuchung:  uber  unsere  jetzige  Kenntniss  der  G^stalt  und  GMHt 
der  Erde.    Yon  Johann  Benedict  Listing.    Gdttingen,  1878. 


D.  P.  Todd— Solar  Parallax  from  the  VdoeUy  of  Light.     68 

6g. 


=  VO  cos  q)^ 


III     ^ 

0^    Bin  TT  ^*" 


wherein  g^^^  denotes  the  mean  anomaly  of  the  earth, 

5P^^^,  the  angle  whose  sine  is  the  eccentricity  of  the 

earth's  orbit, 
0,  the  constant  of  aberration. 
Strnve's  constant  of  aberration,  20" '4451,  with  Listing's  valne 
of  a,  leads  to  the  following  results :  The  mean  radius  of  the  orbit 
of  the  earth  equal  to 

149,298,000  kilometers  =  92,768,000  miles ; 
and  the  nfiean  equatorial  horizontal  parallax  of  the  sun,  8" '811. 
It  remains  to  consider  the  probable  variations  of  the  elements 
of  this  computation,  and  the  effect  of  such  variations  on  the 
derived  parallax.  The  following  elements  of  sensible  uncer- 
tainty are  considered : — 

(1.)  Uncertainty  in  the  determination  of  the  terrestrial 
velocity  of  light  In  the  process  of  experimental  determina- 
tions of  the  velocity  of  lignt,  almost  no  sources  of  mechanical 
error  have  been  encountered  which  cannot,  under  the  most 
favorable  conditions  and  methods,  be  reduced  to  a  minimum. 
What  these  conditions  and  methods  of  experiment  are  will  not 
now  be  considered.  Let  it  suffice,  for  the  present,  to  remark 
that  in  approaching  the  utmost  refinement  in  a  determination 
of  such  supreme  nicety,  experimenters  are  like  to  be  confronted 
with  modifjring  physical  circumstances — which,  in  all  proba- 
bility, however,  need  not  be  considered  in  connection  with  any 
experimental  determination  of  the  velocity  of  light  heretofore 
executed.  For  the  detail  of  uncertain  elements  affecting  the 
result  of  each  series  of  experiments,  reference  must  be  had  to 
the  individual  papers  themselves.  I  am  disposed  to  think  that 
the  limit  of  uncertainty  of  the  velocity  of  light  concluded 
above  may  be  fairly  taken  at  seventy  kilometers. 

(2.)  Uncertainty  in  the  coefficient  of  the  light-equation  of 
the  satellites  of  Jupiter.  The  same  circumstances,  unfavorable 
in  considering  the  proper  combination  of  the  two  independent 
determinations  of  this  constant,  hold  here.  The  amount  of 
uncertainty  is  probably  not  far  from  one  second  of  time. 

(8.)  Uncertainty  in  the  constant  of  sidereal  aberration.  I 
conceive  that  a  variation  of  0''*025  in  this  well  determined 
constant  will  not  be  regarded  far  from  the  limit  of  uncertainty. 
However,  this  estimate  of  its  variation  cannot  reasonably  be 
adhered  to,  except  on  the  supposition  that  the  accepted  value 
of  the  constant  of  aberration  holds  for  stars  in  every  part  of  the 
celestial  sphere, — that  is,  that  the  motion  of  translation  of  the 
solar  system  in  luminiferous  ether  is  not  sufficiently  great  to 
affect  the  astronomical  accuracy  of  determination  of  this  con- 
stant   This  question  pertains  to  the  astronomy  of  the  future. 
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(4.)  TJocertainty  in  the  relation  of  the  absolute  terrestrial 
velocity  to  the  velocity  in  space.  On  this  matter,  much  differ- 
ence of  opinion  exists.  As  the  history  of  the  Greenwich 
water-telescope  shows  that  the  constant  of  aberration  is  not 
affected  by  the  passage  of  the  light  of  the  determining  star 
through  refracting  media,  this  element  of  uncertainty  exists 
only  in  the  derivation  of  the  solar  parallax  through  the  light- 
equation  of  the  satellites  of  Jupiter.  The  impossibility  oFan 
experimental  determination  of  this  relation  renaers  the  assump- 
tion of  identity  necessary. 

(a.)  Combining  the  maximum  velocity  of  light  with  the 
maximum  coefficient  in  the  light-equation,  and  the  minimum 
velocity  with  the  minimum  coefficient,  the  following  relations 
exist : — 

limiting        Limiting  Distance  of  Snn  Solar 

k  F  In  kilometera.  In  miles.  Farallax. 

499*-8         299990         149,785,000         93,074,000         8"'788 
497**3         299860         149,115,000         92,658,000         8'''822 

(6.)  Combining  the  maximum  velocity  of  light  with  the 
maximum  value  of  the  constant  of  aberration,  and  the  mini- 
mum velocity  with  the  minimum  constant,  the  following 
relations  exist : — 

Limiting        Limiting  Distance  of  Sun  Solar 

d  F  In  kilometers.  In  miles.  Parallax. 

20"-47         299990         149,510,000         92,903,000         8"-798 
20"-42         299850         149,076,000         92,633,000         8"-824 

It  will  be  remarked  that  all  these  combinations  are  made  in 
the  most  unfavorable  manner,  so  as  to  give  the  limiting  values 
of  the  solar  parallax  with  the  variations  of  the  elements  pre- 
viously adduced.  The  probable  errors  of  the  intermediate 
values  of  the  parallax  are  about  one-third  these  variations. 

In  conclusion,  then,  all  the  experimental  determinations  of 
the  velocity  of  light  hitherto  made  give,  when  combined  widi 
astronomical  constants,  the  mean  equatorial  horizontal  parallax 
of  the  sun,  8''-808db0''-006. 

The  corresponding  mean  radius  of  the  terrestrial  orbit  is 

149,345,000  kilometers  =  92,800,000  milea 

Nautical  Almanac  OflBoe,  Washington,  Not.  10,  1879. 
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SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  On  Alloys  of  QaUvum  with  Aluminum, — Lecoq  de  Bois- 
BAUDBAX  has  been  studying  the  alloys  which  gallium  forms  with 
alominam.  If  the  latter  metal  be  used  in  large  proportion,  the 
two  most  be  heated  pretty  strongly  even  to  a  dull  red.  The 
alloys  thus  obtained  remain  brilliaut,  and  do  not  sensibly  attract 
oxygen  from  the  air  during  their  formation.  After  cooling,  they 
iire  brittle  and  but  slightly  coherent.  They  decompose  cold 
water,  better  water  at  40®,  with  elevation  of  temperature,  evolu- 
tion of  hydrogen,  and  the  formation  of  a  chocolate-brown  powder 
which  ultimately  becomes  white  flocks  of  alumina,  almost  the 
whole  of  the  gallium  being  set  free  in  globules  apparently  free 
from  aluminuuL  The  slow  evolution  of  hydrogen  by  a  solid  alloy 
is  considerably  quickened  by  contact  with  a  globule  of  liquid  gal- 
lium, owing  to  electric  action.  Surfused  gallium  dissolves  alumi- 
num even  below  15**,  forming  very  brilliant  liquid  or  pasty  alloys, 
which  decompose  water  with  great  energy.  Ordinarily  this 
-decomposition  is  spontaneous ;  but  sometimes  a  globule  of  alloy 
is  inert  when  thrown  into  water,  while  another  fragment  of  the 
same  mass  is  immediately  active,  and  even  renders  the  first  so 
upon  contact  with  it.  On  touching  the  liquid  alloy  with  a  frag- 
ment of  solid  gallium,  crystals  appear  which  are  pure  gallium, 
and  which  do  not  act  on  water.  After  their  removal,  the  alloy  is 
less  active ;  but  if  the  whole  is  re-melted  by  the  heat  of  the  hand, 
the  alloy  regains  its  activity. —  C,  i?.,  Ixxxvi,  1 240 ;  Bull,  Soc, 
Ch.y  II,  xxxii,  393,  Nov.,  1879.  G.  f.  b. 

2.  On  the  Volatility  of  Platinum  in  Chlorine, — Several  years 
ago,  Seslheim  heated  a  piece  of  thin  platinum  foil  enclosed  in  a 
combustion  tube,  to  full  ignition  in  a  slow  current  of  chlorine  gas, 
for  twenty-four  hours.     The  tube  behind  the  foil  was  found  cov- 
ered with  brilliant  and  vety  perfect  crystals  of  platinum,  whose 
form    could   be   recognized    by  the  unaided   eye.     To   test  still 
further  the  question  of  the  volatility  of  platinum  in  chlorine  gas, 
the  author  placed  some  platinous  chloride  in  a  small  porcelain 
flask  and  raised  this  to  a  bright  red  heat  in  a  furnace.     After  cool- 
ing, the  flask  was  carefully  broken,  and  the  platinum  was  found 
to  have  sublimed,  partly  as  a  network  of  crystals  in  the  neck,  and 
partly  as  distinct  crystals  on  the  sides  and  bottom   of  the  flask. 
The  author  thinks  this  experiment  of  importance  in  connection 
with  Meyer's  dissociation  of  chlorine ;  since  it  is  not  true,  as  the 
paper  of  Meyer  asserts,  that  nothing  but  chlorine  is  volatilized  on 
Wing  platinous  chloride.     Indeed  the  observation  of  Meyer  that 
the  volume  of  chlorine  was  one-third  greater  than  at  lower  tem- 
peratures, is  completely  explained  by  the  equation  Pt3Cl=2Cl,-f- 
*t,=:6  volumes,  two  volumes  being  platinum  vapor.     Moreover 
the  problem  is  still  more  complicated  if,  as  the  experiments  of 
Troost  and  Hautefeuille  have  rendered  probable,  platinous  chlo- 
ric. JouB.  Sci.— Thim>  Series,  Wol,  XfX,  l^lo,  109.— Jan.,  1880. 
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ride  is  itself  volatile  as  such. — £er,  Berl,  Chem.  Oes.y  xii,  2066^ 
Nov.,  1879.  G.  F.  B. 

3.  On  the  preparation  of  t?ie  Acetic  ethers  of  Polyatomic  Alco- 
hols,— Franchimont  has  shown  that  by  making  use  of  the  dehy- 
drating powers  of  zinc  chloride,  acetyl  derivatives  of  the  higher 

Solyatomic  alcohols  can  be  obtained  with  ease.  The  carbohy- 
rate  is  warmed  with  four  times  its  weight  of  acetic  oxide  and  a 
small  fragment  of  fused  zinc  chloride.  The  acetylization  is  com- 
plete, as  experiments  with  cellulose,  mannite,  and  glycerin  have 
satisfactorily  shown. — Ber.  Berl.  Chem,  Oes,^  xii,  2059,  Nov., 
1879.  G.  F.  B. 

4.  071  the  Relation  between  3folecular  Refractive  Power  and 

Chemical  Constitution. — Br#hl  has  continued  the  investigations 

of  Gladstone  and  Landolt  with  reference  to  the  relation  between 

refractive  power  and  chemical  constitution,  and  has  obtained  some 

interesting  results.      The  researches  of  these  chemists  had  shown 

w-—  1 
that  the  expression  —-=-  ,  in  which  n  is  the  refractive  index  and 

d  the  density,  possesses  a  value  for  any  given  substance,  which  is 
independent  of  the  temperature.     Landolt  had  multiplied  this  by 

the  molecular  weight,  obtaining  P( — -z — 1  which   he  called  the 

molecular  refractive  power.  For  feebly  refractive  media  n  may 
represent  any  definite  index,  such  as,  for  example,  that  of  H^,  the 

red  line  of  hydrogen.  But  in  order  to  compare  substances  which 
are  highly  refractive,  as  to  their  refractive  power,  none  of  the 
observed  indices  will  answer,  as  they  are  all  influenced  by  disper- 
sion. A  refractive  index  not  thus  affected  would  be  the  index 
con-esponding  to  a  ray  of  infinitely  great  wave-length.  This 
Landolt  finds  as  follows :  Calling  //;  the  index  for  light  of  wave- 
length A  J  and  fA-^  for  that  of  wave-length  A^,  the  formula  of  Cau- 
chy  gives,  for  substances  not  too  highly  refractive. 


Hence  we  have 


B  =  2  _  J_  ^°^  ^  =  /^Ai  " 

A"''""  A? 


B 


A 
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in  which  B  is  the  coeflScient  of  dispei^sion  and  A  the  index  desired 
of  a  ray  of  infinitely  great  wave-length.     Substituting  this  last 

A  —  1 

value  for  n  in  the  formula  above,  we  have  the  expression  — -^ — ,  a 

constant  for  the  same  substance,  dependent  only  upon  the  chemical 
character  of  the  body  and  independent  of  its  density  and  disper- 
sion, as  also  of  temperature.  The  product  of  this  by  the  molecu- 
lar weight,  P( — -3 — J,  Brtlhl  calls  the  molecular  refraction.     The 
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densities  and  the  refractive  indices  were  determined  at  20®,  the 
former  being  referred  to  water  at  4°  and  to  a  vacuum,  the  value 
being  indicated  by  d^^  and  carried  to  four  decimal  places.  The 
indices  for  obtaining  the  refraction-coefficient  A,  were  those  of 
Hq  and  H^  In  Landolt's  investigations,  the  same  molecular  re- 
fraction was  obtained  for  all  isomeric  bodies ;  thus  showing  that 
only  the  number  of  the  atoms  and  not  their  arrangement  influenced 
this  constant.  Hence  the  atoms  have  the  same  refractive  power  in 
all  their  compounds ;  and  by  comparing  different  bodies  together 
the  atomic  refraction  Ta  for  carbon  was  given  as  4*86,  of  hydrogen 
as  1'29  and  of  oxygen  as  2*90.  Hence  the  molecular  refraction  of 
CzHyOf  would  be  RA=4'86a;+l-29y+2-90«.  The  author  has  now 
shown  that  the  molecular  grouping  has  an  essential  influence  upon 
the  molecular  refraction,  those  atoms  which  are  united  directly  to 
each  other  by  more  than  a  single  bond,  exert  a  greater  influence 
upon  the  transmission  of  light  tnan  those  singly  bound.  If  R^  be 
the  calculated  refraction-equivalent  of  an  unsaturated  hydro- 
carbon, a  the  influence  of  a  double  union,  and  x  the  number  of 
pairs  of  removed  hydrogen  atoms,  the  formula  for  a  body  repre- 
sented by  (C,H^— a;H, 

would  be  P(  — -^ —  \r=iR^-\-xa.    If  y  represent  the  number  of  pairs 

of  hydrogen  atoms  removed  to  form  a  closed  chain,  and  hence 

without   influence  optically,  the  formula  becomes  P( — 3~)= 

Ra+  (a5— y)«.     For  example,  in  hexylene,  one  pair  of  carbon  atoms 
is  doubly  united.     Hence  we  have  (C,H^,)—  H„  and  the  formula 

— -^  j=zRA+a.     In  diallyl,  we  have  (CJI,^,)— 2H,  and  the 

formula  is  P( — ^— J=RA+2a.     In  benzene,  we  have  (C,H,^,)  — 

4H, ;   but  a  closed  chain  exists,  with  only  three  double  unions ; 

therefore  ar—y= 4— 1=3  and  the  formula  becomes   P( — ^— )= 

Ra+3<*-  Experiment  has  fully  confirmed  these  conclusions,  which 
have  been  extended  to  chlorine,  bromine  and  nitrogen  which 
have  atomic  refractions  of  9'53,  14-76,  and  6*35  respectively.  The 
author  thus  states  it : — The  molecular  refraction  of  those  bodies 
in  which  doubly  united  carbon  atoms  exist  is  greater  than  the 
value  calculated  from  the  sum  of  the  atoms,  and  the  excess  is 
proportional  to  the  number  of  such  dual  unions,  being  two  units 

for  one  and    2z  units    for  z  double  unions.     Ma=P(     ,""    iz= 

Ra+22.  But  this  is  simply  equivalent  to  saying  that  the  atomic 
refraction  of  carbon  is  higher  when  doubly  combined.  This  con- 
cedes the  variability  of  atomic  refraction,  which  appears  to  be  the 
case  not  only  with  carbon  and  oxygen,  but  also  with  all  poly- 
^^ivalent  elements.  The  atomic  refraction  of  singly  united  carbon 
W4-86  as  above;  but  that  of  doubly  united  carbon  is  6*86. — £er. 
^^L  Ohem.  Ges.,  xii,  2135,  Nov.,  1879.  (^,  -»,  b. 
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6.  A  new  method  for  preparing  Hydrobromic  and  Hydriodic 
acids. — Since  both  hydriodic  and  hydrobromic  acids  are  decom- 
posed by  strong  suipharic  acid,  they  cannot  be  prepared  by  dis- 
tilling potassiam  ioaide  or  bromide  with  this  acid.  They  are  nsa- 
ally  prepared  by  the  action  of  water  upon  their  pbosphoms  com- 
pounds, a  process  which  is  tedious  and  inconvenient.  Bruylantb 
proposes  a  new  method  for  preparing  these  acids,  founded  on  the 
fact  that  bromine  and  iodine  unite  at  ordinary  temperatures  with 
certain  organic  substances  to  form  compounds  which  at  higher 
temperatures  are  decomposed  so  as  to  evolve  hydrobromic  or 
hydriodic  acid.  For  this  purpose  he  proposes  the  oil  of  copaiba, 
prepared  by  distilling  copaiba  balsam  with  water  and  drying. 
The  oil  boils  at  250°  to  255^,  and  can  convert  three  times  its 
weight  of  iodine  or  bromine  into  hydrogen  iodide  or  bromide.  It 
is  put  in  a  tubulated  retort  of  500  cub.  cent,  capacity  furnished 
with  a  return  condenser,  to  the  end  of  which  is  attached  a  tube 
leading  to  a  drying  cvlinder.  For  60  grams  of  the  oil,  20  grams 
of  iodine  may  be  used.  It  is  dissolved  at  a  gentle  heat,  and  then 
the  temperature  is  allowed  to  rise.  A  regular  evolution  of  ns 
soon  begins,  and  when  it  ceases,  the  retort  is  allowed  to  com  a 
little,  and  then  more  iodine  is  added,  until  150  grams  has  been 
used.  This  quantity  of  iodine  gives  145  to  150  grams  hydriodic 
acid.  The  oil  becomes  for  the  most  part  solid  during  the  reac- 
tion. Bromine  is  used  in  the  same  way,  only  with  more  caution. 
From  60  grams  oil  and  150  of  bromine  142  grams  hydrobromic 
acid  were  obtained. — Ber.  Berl.  Chem.  Ges.^  xii,  2059,  Nov., 
1879.  G.  p.  B. 

6.  Thermochemistry. — Julius  Thomsbn  has  published  (Ber. 
Berl.  Chem.  Ges.,  Nov.  10,  1879),  some  new  and  very  interesting 
results  from  this  field  of  investigation. 

(1)  The  heat  of  formation  of  the  various  anhydrous  carbonates 
regarded  as  formed  from  metal,  oxygen  and  carbonic  oxide,  are 
given  as  follows : 

Beaction.  Heftt  Units.            Reaction.  Heat  Units.  Reaction.       Heat  Units. 

K,   +Oa  +  CO  260,940  Ba  +  Oa  +  CO       262,770  Mn +0,  +  C0      1S0,690 

Na,  +  0,  +  CO  242,490  Sr+O.  +  CO       261,020  Cd   +0,  +  C0      161,360 

Aga  +  Oa  +  CO        92,770  Ca  +  Oa  +  CO       240,660  Pb  +0,  +  C0      139,690 

If  from  these  numbers  we  subtract  66,810  units — that  is,  the  heat 
produced  in  the  reaction  C0  +  0=  CO, — we  can  obtain  in  each 
case  the  heat  of  formation  of  the  same  salts  when  formed  from 
metal  oxygen  and  carbonic  dioxide ;  that  is,  in  the  general  reaction 
M'+O  +  CO^.  If  now  from  these  last  values  we  subtract  the 
heat  evolved  m  the  oxidation  of  each  metal  the  result  is  the  heat 
of  formation  of  the  anhydrous  salt  when  produced  from  the  metal- 
lic oxide  and  carbonic  dioxide;  that  is,  in  the  general  reaction 
M"0  +  CO  .  The  results  thus  obtained  in  a  few  of  the  more  im- 
portant anhydrous  carbonates  are  as  follows : 

Reaction.  Beat  Ui  Its.  ReacUon.  Heat  Units. 

BaO  +  COa        66,680  PbO   +COa         22,680 

SrO  +  COa        53.230  AgaO  +  COa        20,060 
OaO  +  CO.        42,490 
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Since  the  molecale  of  calcic  carbonate  weighs  100,  it  follows  that 
425  units  of  heat,  in  round  numbers,  are  absorbed  for  every  unit 
of  weiffht  of  limestone  (regarded  as  pure  calcite)  burned  in  a  lime 
kilo.  Pavre  and  Silbermann  found  for  the  same  constant  the  value 
308  units  which  is  i  too  small.  A  comparison  is  made  in  this 
paper  of  the  heat  of  formation  of  the  anhydrous  carbonates  and 
sulphates  of  the  same  metal,  corresponding  to  the  general  rcac- 
tioos  R"  +  0,  +  CO  and  R"  +  0^4-S0„  from  which  it  appears 
that  the  difference  is  far  from  constant.  In  most  cases  the  heat  of 
formation  of  the  sulphate  is  greater  than  that  of  the  carbonate, 
the  difference  varying  from  22,620  heat  units  in  the  case  of  the 
potassium  salts  to  3430  units  in  the  case  of  the  silver  salts ;  but 
m  the  case  of  the  salts  of  cadmium  and  manganese  the  conditions 
are  reversed,  and  the  heat  of  formation  of  the  carbonate  is  greater 
than  that  of  the  sulphate.  These  facts  are  thought  to  indicate 
that  SO,  and  CO,  stand  in  different  relations  to  the  molecules  of 
the  salts,  in  which  these  radicals  are  supposed  to  exist  as  actual 
atomic  groups. 

(2)  In  his  previous  investigations  on  the  heat  of  formation  of 
the  oxides  and  acids  of  nitrogen,  Thomsen  had  left  undetermined 
the  heat  of  formation  of  NO,  which  enters  as  a  radical  into  so 
many  of  this  class  of  compounds.  The  determination  of  this  im- 
portant value  required  the  construction  of  a  special  apparatus,  and 
for  this,  as  well  as  for  other  reasons,  has  been  delayed.  The  result 
now  reached  differs  greatly  from  that  obtained  by  Berthelot,  and, 
if  sustained,  will  require  a  material  correction  of  some  of  the  most 
important  thermo-chemical  data.  According  to  Berthelot,  N  +  O 
=  —  43,300  units,  while  according  to  Thomsen  this  value  should 
be  » 36,305  units.  Thomsen  claims  that  there  is  a  large  error  in 
Berthelot's  work  in  consequence  of  the  circumstance  that  in  the 
process  used  by  the  French  chemist  the  quantity  estimated  was 
several  times  greater  than  the  quantity  mea8ured,  and  the  quantity 
measured  too  small  to  admit  of  accurate  results  under  such  circum- 
stances. But  the  details  of  his  own  method  on  which  his  conclu- 
sions are  based,  are  not  given  in  the  '^  Beriehte,''  and  he  refers  to 
an  extended  paper  in  the  Festschriften  der  Universit&t  zu  Kopen- 
bagen.  How  great  a  change  the  correction  thus  introduced  makes 
in  some  important  values  calculated  from  the  old  data,  the  follow- 
ing table  shows : 

Berthelot.  Thomsen. 

N,  +  04                     —48,660  -33,650 

Na  +  O.-fM            -51,800  -36.430 

Na  +  Oft  +  Aq           -14,800  +180 

For  a  large  number  of  other  thermo-chemical  data  corrected  for 
the  new  fundamental  value  of  N  -|-  O,  we  must  refer  to  loc.  cit,, 
page  2062.  j.  p.  c,  jr. 

f.  On  a  New  Standard  of  Light — Mr.  Louis  Schwendlbb 
presents  the  advantage  of  using  the  incandescence  of  platinum  by 
means  of  a  constant  electric  current  for  a  standard  of  light  In 
foot-notes  he  states  that  this  is  not  a  new  idea  and  refers  to  Dr. 
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Draper'spapers on  radiation  pablished in  1844.  Mr.  Schwendler's 
lamp  diners  in  no  respect  from  that  proposed  by  Dr.  Draper. 
From  his  experiments  Hr.  Schwendler  concludes,  that  to  promice 
the  unit  of  light  equal  to  the  light  emitted  by  a  standard  candle, 
from  300  to  725  units  of  current  were  necessaiy  according  to  the 
size  of  the  platinum  strip,  while  with  the  use  of  the  carbon  electric 
lamp  only  10  units  of  current  were  necessary.  He  thereupon  states 
his  conviction  that  "  from  an  engineering  point  of  view,  light  by 
incandescence  can  scarcely  be  expected  to  compete  with  light  by 
disintegration^^  (electric  arc).  He  believes  that  light  by  incan- 
descence is  not  much  cheaper  than  light  by  combustion.  No 
reference  is  made  to  the  late  results  of  Edison  on  platinum  sub- 
mitted to  alternating  currents  in  a  partial  vacuum. — PhiL  Mag,^ 
Nov.,  1879,  p.  393.  j.  t. 

8.  Report  on  the  Electric  Light,, — Mr.  Louis  Schwbndlbb  in  a 
report  on  the  expediency  of  lighting  the  railroad  stations  in  India 
by  means  of  the  electric  light,  gives  the  following  results  of  his 
measurements.  A  normal  candle,  six  to  the  pound,  and  consum- 
ing 120  grains  per  hour,  employs  in  producing  the  unit  of  light,  a 
work  of  from  610  to  1365  megerga  per  second.  An  electro- 
dynamic  machine  with  not  more  than  0*1  Siemen's  units  resistance 
in  the  circuit,  only  from  10  to  20  megerga;  so  that  one  electric 
light  produced  only  at  one  place  in  the  circuit,  is  50  times  cheaper 
than  the  candle.  Division  of  the  electric  light,  on  the  other  hand, 
Mr.  Schwendler  finds  to  be  uneconomical.  A  dynamo-electric 
machine  with  the  greatest  number  of  divisions  of  the  movable  coil, 
gives  the  most  constant  current.  The  strength  of  the  current  in- 
creases at  first  quickly,  then  is  proportional  to  the  velocity  of 
rotation,  then  increases  more  slowly.  The  electromotive  wrce 
decreases  with  a  constant  velocity  of  rotation  more  quickly  than 
the  entire  resistance  increases,  and  the  more  quickly  the  smaller 
the  interior  resistance  of  the  machine  is.  When  the  external 
resistance  is  zero,  the  electromotive  force  reaches  its  maximum. 
The  following  table  represents  the  conditions  in  the  electric  are : 
J  is  the  strength  of  the  current  in  electro-magnetic  units  ^webers), 
W  the  resistance  in  Siemen's  units,  and  E'  the  electromotive  force 
in  volts. 

J    28-81     23-8t     16-2t        W    0-91     1*72     1-97         E'    202     1*91     1*86 

A  good  dynamo-electric  machine  should  make  700  to  750  turns  in  a 
minute  and  afford  a  current  in  electro-magnetic  units  expressed 
by  the  formula  


^     R+r 


where  W  and  w  represent  the  work  respectively  during  the  pro- 
duction of  the  current  and  during  the  running  of  the  machine 
on  an  open  circuit,  and  R  represents  the  inner  and  r  the  outer 
resistance.  If  J  >►  20,  the  loss  of  work  reaches  12  per  cent. — L. 
/Schwendler^  Prids  of  report  on  Electric  light.  London,  Waterlow 
&  Sons,  1878.  j.  t. 
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9.  Upon  the  Electro-magnetie  rotation  of  the  Plane  of  Polari- 
zation in  Gases, — Kundt  and  KOittoen  state  as  the  result  of  their 
iiiTe8timtion  the  following : 

(1)  Atmospheric  air,  oxygen,  nitrogen,  carbonic  oxide,  carbonic 
acid,  illaminating  gas,  ethyl  and  marsh  gas,  indicate  a  rotation  of 
the  plane  of  polarization  in  the  direction  of  the  positive  current. 

(2)  The  amount  of  this  rotation  under  like  conditions  is  different 
for  the  different  gases. 

They  detail  the  precautions  employed  in  their  research,  and  give 
the  methods  at  length.     It  is  found  that  the  electro-magnetic  ro- 
tation is  the  greater  the  greater  the  index  of  refraction  of  the  gas, 
although  the  authors  have  not  been  able  to  determine  the  exact 
nttmerical  law  which  might  connect  this  magnetic  effect  with  this 
or  any  physical  constants  of  the  gases.     They  hint  at  the  possibil- 
ity of  determining  the  amount  of  rotation  of  the  plane  of  polari- 
sation of  air  by  the  magnetism  of  the  earth ;   and  oy  reference  to 
their  table  of  results,  estimate  that  253  km.  of  air  in  the  north- 
Booth-direction  would  experience  under  the  magnetism  of  the  earth 
a  rotation  of  1°. —  Wiedemann's  Annalen  der  Physik  und  Chemie^ 
1^0.  10,  1879,  p.  278.  J.  T. 

II.  Geology  and  Natural  History. 

1.  A  Hudson  River  fossil  plant  in  the  Roofing  slate  that  is 
omckUed  with  chlorite  slate  and  metamorphic  limestone  in  Mary- 
hnd,  adjoining  York  and  Lancaster  Counties^  Pennsylvania  ;  by 
J.  P.  Lesley.  (From  a  letter  to  J.  D.  Dana,  dated  Jrhiladelphia, 
Dec.  6,  1879.) — Professor  Lesquereux  has  just  determined  Butho- 
trq>kis  foliosa  on  a  slab  of  roofing  slate  from  the  quarries  on  the 
Snsqaehanna  River  near  the  Maryland  line.  This  is  a  most  im- 
portant discovery.  Professor  Frazer  has  been  studying  the  roofing 
slate  belt  and  adjoining  chlorites,  for  several  years  in  connection 
with  his  York  and  Lancaster  county  work.  He  never  found  any 
traces  of  organic  life,  nor  could  hear  of  any.  But  he  found  several 
curious  forms  in  the  rocks  across  the  state  line  in  Maryland,  one 
of  which  looked  like  a  flattened  Orthocera^,  Professor  James 
Hall  and  Mr.  Whitfield  were  disposed  to  consider  them  not 
organic.  They  have  been  figured  for  the  American  Philosophical 
Society's  Proceedings  and  for  the  Reports  of  the  Survey.  These 
are  the  onlv  fossils  ever  seen  in  that  region  to  our  knowledge. 
The  slab  of  B,  foliosa^  is  in  our  museum  and  will  be  figured. 
Professor  Frazer  received  it  from  a  Presbyterian  clergyman,  pro- 
fessor in  Lincoln  University,  who  got  it  from  a  miner,  with  six  or 
*€ven  other  larger  and  finer  slabs  which  he  sent  to  the  York  Mu- 
seum, York  count V,  in  acknowledgment  of  aid  from  the  citizens  to 
the  University,  lliere  seems  to  be  no  doubt  that  the  slabs  came 
from  the  Peachbottom  quarries  as  asserted. 

There  are  two  species  of  Buthotrephis  known  in  the  Trenton 
limestone,  three  in  the  Hudson  River  slates,  one  in  the  Clinton. 
One  is  reported  from  the  Devonian  of  Russia.  Several  from  the 
0ab-Carboniferou8  remain  unstudied.     B.  foliosa  is  characteristic 


72  Scientific  Intelligence. 

of  the  Hadson  River.  It  is  in  the  upper  part  of  the  Hudson  RiTer 
formation,  along  the  foot  of  the  Kittatinny  or  Blue  or  North 
Mountain  on  the  Lehigh  River  in  Eastern  PennRvlvania,  that  we 
have  oar  Statingtou  and  other  roofing  slate  quames ;  and  no  trap 
is  known  in  the  neighborhood,  and  no  reason  can  be  assigned  for 
excessive  metamorphism  of  structure  (not  of  lithology) ;  but  on 
the  Maryland  line  a  trap  dike  many  miles  long  has  been  followed 
by  Professor  Frazer  across  Lancaster  county,  passing  through  the 
celebrated  Gap  Nickel  mine,  to  and  across  the  roofine  slate  belt 
of  Peachbottom.  But  this  belt  is  a  number  of  miles  long,  and  I 
can  see  no  important  connection  between  the  trap  at  one  end  of  it 
and  its  metamorphism. 

Professor  Frazer  feels  sure  that  the  roofing  slates  are  part  and 
parcel  of  the  chlorite  slate  formation  which  makes  such  a  show 
along  the  river  for  miles  north  of  the  quarries.  But  the  strueture 
is  very  obscure.  To  the  north  of  the  chlorites,  a  bold  double- 
crested  anticlinal  (of  Toquan  creek)  crosses  Lancaster  and  York 
counties,  and  is  finely  exposed  upon  the  two  banks  of  the  Susque- 
hanna River,  bringing  up  massive  gneisses,  etc.,  evidently  belong- 
ing to  oar  Philadelphia  rocks,  to  those  of  the  Welsh  Mountains 
west  of  the  Schuylkill  River,  and  to  those  of  the  Highlands  of 
New  Jersey  and  New  York  State. 

The  chlorite  slates  are  alwavs,  with  us,  seen  in  juxtaposition 
with  the  limestones,  which  we  feel  confident  are  No.  II  (" llagne- 
sian,  Calciferous'^) ;  but  the  structural  connection  is  not  quite 
satisfactory  yet.  Mr.  C.  E.  Hall  is  disposed  more  and  more  to 
look  upon  them  as  No.  IH  (Hudson  River)  metamorphosed,  all 
along  the  Chester  county  "South  valley"  hill,  and  across  the 
Schuylkill  into  Philadelphia  and  toward  Trenton. 

Everything  points  toward  non-conformable  basins  or  outlying 
patches  of  metamorphosed  Silurians  in  the  heart  of  our  Azoic 
country  of  southern  Pennsylvania  and  Maryland,  and  this  discov- 
ery of  B,  foliosa  leaves  very  narrow  room  for  further  doubt  on 
the  subject. 

2.  Pennsylvania  Second  Geological  Survey.    Harrisburg,  1879. 

(1)  Second  Report  of  Progress  in  the  Laboratory  of  the  Snrvsy 
at  Ilarrishurg^  by  Andrew  S.  McCreath,  MM.     438  pp.  Svo. 

(2)  The  Geology  of  Lawrence  County^  and  a  Special  Repofi 
on  the  Condition  of  the  Coal  Measures  in  Western  Pennsylvania 
and  JEkuftern  Ohio^  by  J.  C.  Wkfte,  QQ.  336  pp.  8vo,  with  a 
colored  geological  map  of  the  County  and  134  vertical  sections. 

(3)  I.  27ie  Northern  Townships  of  Putter  County;  II,  a  /^pe- 
cial  Survey^  made  in  1876,  cUong  the  Beaver  and  Shenango  Riv- 
ers^ in  Beaver,  Laiorence  and  Mercer  Counties,  by  H.  Mabttn 
Chance.  V.  248  pp.  8vo,  with  four  maps,  one  profile  section  and 
154  vertical  sections. 

TJiese  additions  to  the  series  of  volumes  of  Pennsylvania 
Reports,  already  numerous,  show  efficient  action  in  both  the  head 
of  the  Survey  and  the  corps  who  are  at  work  with  hinu  The  first 
of  these  Reports,  while  mostly  the  work  of  Mr.  McCreath,  includes 
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also  the  following :  Classification  of  Coals,  by  P.  Fbazeb,  Jr. ; 
Firebrick  tests,  by  F.  Platt  ;  Notes  on  dolomitic  limestones,  by 
J.  P.  Lbslbt;  Utilization  of  Anthracite  slack,  by  F.  Platt.  The 
analyses  of  Mr.  McCreath  are  of  coals  of  different  coal  beds,  cokes, 
iron  ores,  irons,  cinders,  clays,  fire-bricks,  zinc  ores,  lead  ores, 
limestones,  marls,  the  mineral  barite,  and  other  substances,  and 
by  their  number  and  character  indicate  a  great  amount  of  excel- 
lent work.  They  are  accompanied  by  descriptions,  and  often  seo- 
tions,  of  the  beds  from  which  the  specimens  were  taken.  The 
results  of  tests  of  Pennsylvania  and  other  coals  for  weather-waste 
also  are  given  in  tables.  The  volume  is  a  very  important  contri- 
bution to  the  practical  as  well  as  scientific  part  of  the  great  sub- 
jects of  coal  and  iron. 

One  of  the  most  important  questions  before  the  geologists  of 
Pennsylvania  is  that  with  regard  to  the  relation  of  the  rocks  of 
the  western  mar^n  of  the  State  to  those  of  the  adjoining  part  of 
Ohio,  described  by  the  Ohio  geologists.  Its  settlement  is  neces- 
sary to  a  correct  mapping  of  the  rocks  and  coal  beds  of  the  two 
States.  In  Mr.  J.  C.  White's  Report,  after  details  on  the  geology 
of  Lawrence  County,  in  which  numerous  carefol  sections  are 
given  of  the  coal  beds  and  associated  rocks,  the  results  of  a  spe- 
cial study  on  this  subject  are  brought  out.  The  same  point,  but 
for  a  different  part  of  the  border  region,  is  illustrated  also  in  the 
Report  of  Mr.  Chance,  who  surveyed  *'  the  Slippery  Rock,  She- 
nango  and  Beaver  River  valleys,"  in  1875,  "for  the  special  pur- 
pose of  connecting  the  well-known  Coal-measures  of  the  Ohio 
Kiver  valley  with  the  then  almost  unknown  or  verv  ill-understood 
locks  of  Northern  Hntler  and  Mercer  Counties.  The  same  prob- 
lem has  been  studied  also  by  Mr.  Ashbumer,  whose  results  will 
appear  in  a  Report  now  in  the  press.  These  different  observers, 
according  to  Professor  Lesley,  agree  closely  in  their  results,  and 
thus  the  settlement  of  this  question  in  inter-State  geology  is  essen- 
tially accomplished. 

3.  Geological  Survey  of  San  Salvador. — The  Geological  and 
Economic   Survey  of  San  Salvador  has  been  entrusted,  by  the 

foyernment  of  that  country,  to  Mr.  W.  A.  Goodyear,  late  of  San 
'rancisco,  and  for  some  years  in  charge  of  important  work  on  the 
Geological  Survey  of  California.  Mr.  Goodyear  sailed  about  the 
end  of  September  for  his  new  field  of  labor. 

4,  A  Manual  of  Pakieontology^  for  the  use  of  Students,  with  a 
Gefteral  Introduction  on  the  Principles  of  Palceontology  ;  by  H. 
A.  NicuousoN,  Professor  Nat.  Hist.  Univ.  St.  Andrews.  2nd 
edition,  revised  and  greatly  enlarged.  2  vols.  8vo,  1879.  Edin- 
bnr^h  and  London.  (Wm.  Blackwood  A  Sons). — ^This  second 
edition  of  Professor  Nicholson's  Manual  of  Palaeontology  is  im- 
proved in  every  part,  large  additions  of  new  matter  having  been 
made  to  its  descriptions,  and  new  illustrations  introduced  after 
the  be^t  style  of  the  engraver's  art  and  largely  from  drawings  on 
wood  by  the  author.  The  author's  acquaintance  with  general 
zoology,  and  his  labors  among  fossil  corals  and  other  inverte- 
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brate  fossils,  American  as  well  as  British,  has  well  prepared  him 
to  make  a  judiciously  arranged  and  convenient  manual  for  stu- 
dent or  instructor ;  and  such  is  his  work.  The  arrangement  is 
zoolo^cal,  commencing  with  the  lowest  forms,  the  Protozoans : 
and  in  connection  with  each  section  the  zoological  characters  and 
relations,  and  the  stratigraphical  position  or  ran^  are  stated. 
Such  general  deductions  as  the  science  has  established  are  also 
presented,  but  without  wandering  into  specnlatiye  discussions. 
The  numerous  illustrations  are  well  selected  for  showing  structaie 
and  generic  and  family  distinctions.  Why  the  author  should 
write  Kainozoic  for  Cmnozoic  or  Cenozoic^  when  he  uses  Eocene, 
Miocene  and  Pliocene,  and  not  Eokaine,  Miokaine,  Pliokaine,  is 
not  clear.  But  this  is  a  point  in  orthography,  and  does  not 
diminish  the  value  of  the  work.  The  mechanical  execution  of  the 
work  is  excellent,  quite  in  harmony  with  the  beauty  of  the  illus- 
trations. All  interested  in  Geology  will  find  Nicholson's  Manual 
of  Paleontology  a  very  valuable  companion  in  their  studies. 

5.  Dana^s  ManucU  of  Geology.  Third  edition.  912  pagei^ 
8vo.  Over  1250  figures,  with  12  plates  and  a  chart  of  the  world. 
New  York :  1880.  (Ivison,  Blakeman,  Taylor  &  Co.) — In  this  new 
edition  of  the  Manual,  the  part  on  Kinds  of  Rocks  has  been  wholly 
remodelled;  that  on  Dynamical  Geology  has  been  mostly  re- 
written and  its  pages  and  illustrations  increased  in  number  one- 
half  ;  and  that  on  Historical  Geology,  while  but  partially  revised, 
has  received  important  changes  in  the  pages  on  the  Green  Moun- 
tains, American  fossil  Mammals,  and  the  Glacier  and  Champlain 
periods  of  the  Quaternary.  Through  the  kindness  of  Professor 
Marsh  the  volume  contains  also  twelve  plates :  three  illustrating  the 
American  Jurassic  Dinosaurs ;  two,  the  two  types  of  toothed 
birds  of  the  Cretaceous,  and  giving  figures  of  the  complete  skele- 
ton ;  three,  the  Tertiary  Mammals  of  the  Rocky  Mountain  region ; 
and,  one,  the  relations  in  size  of  the  brains  of  Tertiary  and  Mod- 
em Mammals.  In  addition,  brief  lists  of  works  and  memoirs  are 
added,  bringing  out  the  history  of  opinions  in  connection  with  the 
Dynamics  of  the  Science. 

6.  Catalogue  of  Official  Reports  upon  Geoloyical  Surveys  of 
tJiC  United  States  and  Territories^  and  of  British  North  America; 
by  Frederick  Prime,  Jr.,  Assistant  Geologist  of  Pennsylvania. 
72  pp.  8vo.  From  vol.  vii,  Trans.  Araer.  Inst,  of  Mining  Engi- 
neers, Philadelphia,  1879. — Since  Professor  Marsh's  Catalogue  of 
American  Geological  Reports  was  published  in  this  Journal, 
the  number  of  these  Reports  has  more  than  doubled,  and  the 
science  owes  much  to  Professor  Prime  for  the  preparation  of  this 
new  and  much  improved  catalogue.  It  gives,  with  the  titles,  full 
details  as  to  size,  time  and  place  of  publication,  names  of  authors 
of  the  subordinate  reports  of  a  volume,  and  includes,  besides 
government  reports,  others  of  a  public  character.  Copies  can  he 
obtained  of  Professor  Prime  (907  Walnut  street,  Philadelphia)  in 
exchangee  for  Geological  Reports. 
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7.   Classificatian  and  Description  of  the  American  Species  of 
Char<Meea3  ;  by  B.  D.  Halstbd. — ^The  earliest  paper  directly  re- 
lating to  the  American  Charm  appeared  in  this  Journal  in  1843, 
viz:  the  ^^'JBrief  Notice  of  the  Charm  of  North  America^  by  Prof. 
Alex.   Braun,  communicated  by  Dr.   Engelmann."     Two  years 
later  a  notice  of  American   Charm  appeared  in  a  note  to  Plautm 
Lindheimerm^  published  in  the  Boston  Journal  of  Natural  History. 
Since  that  date  we  have  only  scattered  references  to   Charm  in 
local  lista  and  reports  of  different  expeditions,  until  within  the  last 
few  years  when  the  attention  of  our  botanists  has  been  more  fre- 
quently turned  to  the  species  of  this  small  but  interesting  order. 
The  task  of  determining  native  species  will  be  much  facilitated  by 
'    two  works  which  have  recently  appeared.      One  by  Dr.  T.  F. 
Alien  entitled  CharacesB  Americanse,  an  illustrated  work  of  which 
two  parts  have  appeared,  has  already  been  noticed  in  this  Journal. 
The  other,  originally  ])resented  as  a  graduating  thesis  at  Harvard 
University  in  May,  1878,  by  Mr.  B.  I).  Halsted,  is  now  published 
in  part  in  the  Proceedings  of  the  Boston  Society  of  Natural  His- 
tory.   There  is  a  short  introduction,  giving  a  general  account  of 
the  Btnicture  of  the  order,  followed  by  detailed  descriptions  of 
the  eighteen  species  known  to  the  writer  from  an  examination  of 
the  herbaria  at  Cambridge  and  a  number  of  private  collections. 
Of  the  species,  eight  belong  to  NiteUa^  one  to  Tolypella^  and  nine 
to  CharcL     One  new  species,  C.  Rohbinsii^  is  described.    Among 
the  more  interesting  species,  we  may  mention  N,  (/elatinosa  found 
hy  Ravenel  in  the  Santee  Canal,  and  the  beautiful  C,  gymno^ms^ 
Tar.  ekf/an^y  which  was  first  found  by  Oakes  in  Essex  County, 
Massachusetts,  where  it  has  recently  been  rediscovered  by  Mr. 
Robinson ;  and  it  is  now  known  in  other  localities.     As  a  whole 
the  paper  shows  indications  of  careful  study,  and  there  is  only  one 
portion  which  we  would  criticize.     The  group  of  the  Oymnopodm 
iflciuding    C,  gymnopus  and    C.  Robhinsii  should  be  compared 
with  C  polyphyUa  var.  Michauxii  Braun,  which,  as  it  seems  to 
lu, may  have  been  confounded  with  what  Mr.  Halsted  considers 
to  be  the  typical  C.  gyinnopus.     It  should  also  be  compared  with 
C.  i^tnicta  Braun,  a  species  certainly  approaching   C.  JRohbinaii, 
The  literature  of  the  old   C  Michanxii  and   C,  sejuncta  is  very 
obscure,  and  these  two  species  figure  unpleasantly  in  the  foot- 
notes of  inaccessible  articles.     But  we  ho])e  to  have  eventually 
from  Mr.  Halsted  a  lurther  elucidation  of  the  Oymnopodm, 

w.  G.  p. 

8.  Untersuchungen  Uber  die  Zellkerne  der    ThaUophyten^  by 

Ppot  Fr.  Scumitz. — This  paper,  an  extract  from  the  Proceedings 

of  the  Niederrheinische  Gesellschaft,  is  a  general  review  of  the 

mode  of  occurrence  of  the  nucleus  in  the  different  groups  of  Thal- 

-f    loDhytes.     In  it  the  author  has  embodied  his  own  observations, 

•I    which  have  been  made  principally  in  reference  to  AlgsB.    He  shows 

/    that  the  cells  of  certain  genera  which  were  supposed  to  be  without 

I     a  oacleus   really  have  not   one  nucleus   but  a  large  number  of 

OQclei.      He  considers   that  multi nuclear  cells  occur  tolerably 
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frequently  among  the  Thallophytes,  especially  in  species  having  a 
siphonous  tballus,  whether  colored  ( AlgsB)  or  colorless  (Fuiigij.  In 
Oscillariay  VatUago  and  some  other  genera,  however,  Proiessor 
Schmitz  was  unable  to  detect  a  nucleus.  Haematozylioe  is  ihe 
reagent  advised  for  bringing  out  the  nuclei  in  doubtful  cases. 
The  article  is  followed  by  a  note  on  the  Fructificaiion  of  ths 
Sqtuimarias^  which,  it  appears,  have  an  arrangement  of  creeping 
filaments  such  as  have  been  described  by  Thuret  and  Bomet  ia 
Dvdresnaya,  w.  g.  f. 

9.  Le  Gharbon  de  P  Oignon  ordinaire^  by  Dr.  Max  Cobnit. — 
In  the  Comptes  Rendus  of  July,  Coma  records  the  appearance 
in  the  markets  of  Paris  of  the  oniou-smut,  Urocystis  Cepulm,  The 
disease  which  is  known  to  have  been  common  in  Connecticat 
and  Massachusetts  for  a  number  of  years,  had  not  been  hitherto 
observed  in  France.  Dr.  Cornu  considers  U.  iJtpuJUjs  to  be  dis- 
tinct from  U,  Colchici,  w.  g.  f. 

10.  Mitteickelimgsf/eschichte  einiger  Rostpihe^  by  Dr  J.  Schbos- 
T£K. — This  paper,  which  consists  of  advanced  sheets  of  an  article 
to  appear  in  the  forthcoming  number  of  Cohn's  Beitr&ge  Eur  Biol- 
ogic der  Pflanzen,  is  replete  with  interesting  facts  on  the  develop- 
ment of  different  Uredinei^  for  the  careful  study  of  which  in  recent 
years  we  are  more  indebted  to  Dr.  Schroeter  than  to  any  other 
botanist.  It  includes  a  synopsis  of  the  European  species  of  Piuy 
cinia  which  are  found  on  the  UmbellifercB,  In  readinjz  the  wper, 
one  sees  at  what  a  complicated  condition  the  study  of  the  ITredir 
nei  has  arrived ;  and  that  no  one  but  a  specialist  can  hereafter 
expect  to  be  able  to  understand  what  is  written  on  the  different 
transformations  of  this  most  perplexing  order  of  plants,    w.  o.  F, 

11.  Botanical  Necrology  for  the  year  1879. 
William  T.  Feat,  M.l).,  died  at  Savannah,  Georgia,  on  the 

22d  of  May,  at  the  age  of  not  far  from  76  years.  His  remains  lie 
in  Laurel  Grove  Ometery,  under  the  shadow  of  the  noble  live 
oaks  whose  boughs  are  funereally  draped  with  long  tufts  of  TW- 
landsla  ttaneoideSy  swinging  mournfully  in  the  air.  This  cemetery 
in  the  neighborhood  of  Savannah  is  associated  in  the  writerTi 
mind  with  this  estimable  botanist ;  for  his  only  visit  to  it  was 
in  Dr.  Feay's  company  one  spring  morning.  We  had  known  him 
in  correspondence,  and  it  was  a  ])leasure  to  become  personally 
acquainted  with  this  most  amiable  man.  Dr.  Feay  was  one  of 
those  botanists  who  know  very  much  and  never  publish  any- 
thing, and  who,  though  living  a  useful  life,  wholly  fail  to  play  the 
part  to  which  they  are  entitled.  He  was  born  in  South  Carolina, 
studied  a  while  at  the  Univei-sitv  of  Georgia,  at  Athens ;  then 
studied  medicine  at  Charleston  in  his  native  State,  but  later 
turned  his  mind  to  scientific  studies  and  to  classical  scholarship. 
It  is  reported  that,  at  a  critical  period  of  life,  he  wasted  a  consid- 
erable patrimony  in  some  excesses ;  and  that  when  he  came  to 
himself  and  had  to  live  by  his  own  exertions,  he  chose  the  life  of 
a  school  teacher.  To  this  vocation,  and  to  his  botanical  pursuits 
as  an  avocation,  he  devoted  himself  entirely  for  the  rest  of  bis  life, 
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and  for  the  best  part  of  it  in  the  city  of  Savannah,  in  charge  of  a 
private  school,  living  alone  and  with  utmost  frugality,  devoting 
til  his  earnings  to  the  purchase  of  books  and  all  his  spare  time  to 
the  acquisition  of  knowledge.  During  the  war  of  the  rebellion  he 
took  refuge  in  Florida,  teaching  when  pupils  were  to  be  had, 
studying  plants  at  all  seasons,  and  making  some  interesting  dis- 
coveries. Several  of  these  commemorate  nis  name,  among  them 
t  Jhlqfoxia  and  a  pretty  little  Lobelia, 

Jacob  Bigklow,  M.D.,  far  the  most  aged  of  American  botanists, 
died  at  Boston  on  the  10th  of  January,  1870,  at  the  age  of  02. 
A  brief  biography  was  published  in  a  preceding  volume  of  this 
Journal  (xvii,  263),  in  April  last. 

Jjlmbs  Watson  Bobbins,  M.D.,  died  at  Uxbridge,  Massachu- 
setts,  January  9,  1870,  one  day  before  Dr.  BigeTow,  his  only 
senior  among' American  botanists,  as  he  had  reached  the  age  of 
77.  A  biographical  notice  of  him  appeared  in  the  Necrology  of 
the  preceding  year,  in  February  last. 

Hkbxann  Itzigsohn,  a  cryptogamist  of  considerable  repute, 
whose  name  is  connected  with  researches  on  the  spermatozoids 
of  the  lower  tribes  of  plants,  died  at  Schoeneberg,  near  Berlin, 
January  4,  1870,  at  the  age  of  65. 

JoHAN  Angbtbom,  a  distinguished  bryologist,  of  Sweden,  died 
January  19th,  at  the  age  of  65. 

H.  W.  BuBK,  favorablv  known  for  his  indexes  to  DeCandolle's 
Prodromns,  died  at  Hamourg,  February  10th,  at  the  age  of  83. 

H.  G.  L.  Reich  BNBACH,  the  veteran  German  systematic  bot- 
anist and  in  his  day  a  voluminous  author,  a  man  greatly  respected 
and  honored,  died  at  Dresden,  March  17,  at  the  age  of  86.  The 
orchidologist  of  our  time,  bearing  the  same  name,  is  the  son,  now 
Pltrfessor  of  Botany  at  Hamburg. 

H.  R.  A.  Gbisebagh,  Professor  at  Gosttingen,  and  one  of  the 
most  prominent  and  voluminous  systematic  botanists  of  our  day, 
died  May  0,  in  his  66th  year.  His  earliest  considerable  work  was 
a  Monograph  of  the  OentianecBy  in  1830.  His  most  important 
one,  a  comprehensive  treatise  on  the  Vegetation  of  the  Earth,  was 
published  m  1872;  his  latest,  Symbolae  ad  Floram  Argentinam, 
appeared  about  the  time  of  his  unexpected  decease.  He  is  well 
known  in  this  country  for  his  elaboration  of  the  extensive  collec- 
tions of  Charles  Wright  in  Cuba,  as  well  as  for  his  Flora  of  the 
British  West  Indies,  one  of  the  earlier  of  the  English  Colonial 
florsB. 

Thilo  Ibmisoh,  an  acute  morphologist,  author  of  many  valuable 
papers,  especially  on  the  subterranean  parts  of  plants,  died  at 
Dondershausen,  Germany,  April  28,  at  the  age  of  64. 

Edouabd  Spach,  native  of  Strasburg,  for  very  many  years  the 
keeper  of  the  Herbarium  at  the  Paris  Museum,  Jardin  des  Plantes, 
in  tne  earlier  portion  of  his  scientific  life  a  voluminous  author,  an 
acute  systematic  botanist,  a  worthy  representative  of  the  school 
wfaicb  is  disposed  to  multiply  genera  upon  single  characters,  died 
May  17,  at  the  age  of  78.  He  had  been  for  some  time  super- 
anuated. 
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Earl  Koch,  the  prince  of  horticultaral  botanists  and  a  moet 
learned  dendrologist,  born  at  Weimar  in  1809,  explorer  of  Aflia 
Minor  and  the  Caucasus  in  especial  reference  to  tbe  origin  or 
nativity  of  the  long-cultivated  plants  of  the  Old  World,  died  at 
Berlin,  May  25,  in  the  70th  year  of  his  age^ 

David  Moore,  Director  for  the  last  forty  years  of  the  Glas- 
nevin  Botanic  Gardens,  Dublin,  which  he  kept  in  unrivalled  pe^ 
fection,  author  in  part  of  the  Cybele  Hibeniica,  of  a  synopsis  of 
Irish  Mosses  and  a  Report  on  the  Irish  Hepaticae,  died  June  9,  at 
the  age  of  72. 

Edward  Fenzl,  who  forty  years  ago  was  the  assistant  of 
Endlicher  in  the  Vienna  Imperial  Herbarium,  since  Endlicher's 
death  in  1840  the  Professor  of  Botany  and  Director  of  the  Botanie 
Garden  at  Vienna  down  to  the  year  1878,  whose  earlier  studies 
were  directed  to  the  AlsinecB  and  their  allies,  and  who  published 
various  memoirs  of  critical  value,  died  September  29th,  in  tbe 
72d  year  of  his  age. 

John  Miers,  the  Nestor  of  English  botanists,  died  at  his  resi- 
dence in  London,  October  17th,  at  the  great  age  of  90.  He 
went  to  South  America  many  years  ago  as  a  mining  engineer, 
there  took  up  with  ardor  the  study  of  botany  in  which  he  has  so 
long  persevered,  made  a  vast  number  of  drawings  and  sketches,  for 
which  he  had  a  great  facility,  and  in  about  1840  he  began  the 
long  series  of  his  papers  in  systematic  botany,  mouographical  and 
critical,  of  which  over  fifty  are  enumerated  in  the  Royal  Society's 
Catalogue  of  Scientific  Papers  coming  down  to  the  year  1863, 
but  whose  issue  continued  down  nearly  to  the  last  year  of  his 
remarkable  life.  Original  in  his  treatment,  and  ready  to  grapple 
with  recondite  questions  of  afliuity,  in  which  it  is  not  always  easy 
to  control  plausible  inferences  by  decisive  tests  or  by  intuitive 
judgment,  the  valne  of  Mr.  Miers'  work  must  be  various,  and  that 
of  much  of  it  not  yet  determinable.  Some  of  it  is  doubtless  ovei^ 
ingenious,  and  too  great  trust  may  have  been  placed  upon  draw- 
ings prepared  long  before  their  use.  But  the  indomitable  spirit 
of  the  man,  and  his  guileless  amiability  were  equally  and  wholly 
admirable.  a«  g. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  Geological  Survey  of  the  Public  Domain, — In  the  Congres- 
sional discussion,  referred  to  in  our  former  historical  notice  of  tbe 
Department  for  the  Geological  Surveys  of  the  National  Domain, 
page  492  of  the  preceding  volume,  the  question  of  an  extension  of 
the  Survey  into  '*  all  the  States"  was,  as  the  writer  finds,  alluded 
to  in  its  various  bearings,  though  briefly.  The  form  of  the  amend- 
ment to  the  bill,  as  it  was  finally  passed  by  the  House,  is,  in  full, 
as  follows : 

Provided^  That  this  officer  shall  have  the  direction  of  the  Geo- 
logical Survey,  and  the  classification  of  the  public  lands  and 
examination  of  the  geological  structure,  mineral  resources,  and 
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prodacts  of  the  National  Domain,  and  he  may  extend  his  exam- 
ination into  the  States,  not  to  interfere,  however,  with  any  Geo- 
logical Survey  now  being  made  by  the  States."* 

The  vote  for  the  amendment  stood — yeas,  92,  nays  63,  141  not 
voting.  It  thns  appears  that  the  important  measure,  sprang  upon 
the  House  in  its  closing  hours,  unknown  to,  and  unconsidered  by, 
the  country,  had  only  ninety-two  votes  in  its  favor. 

In  order  that  the  exact  views  of  those  who  advocated  the  bill 
Doay  be  understood,  we  make  a  few  citations  from  the  remarks  in 
the  discussion.  Mr.  Atkins,  its  most  urgent  advocate,  said : 
''  Tennessee  has  a  lar^e  deposit  of  coal  and  iron,  and  would  be 
elad  to  have  accurate  mformation  as  to  it."  "  The  object  that  I 
Ead  in  offering  this  joint  resolution  was  simply  to  enable  the  Geo- 
logical Director  to  make  in  his  next  report  a  practical  presenta- 
tion of  the  mineral  resources  of  the  States  of  the  Union,  so  far  as 
they  relate  to  coal  and  iron."  "  The  object  is  to  make  surveys  of 
the  mineral  deposits  in  all  the  States."  Mr.  Wilson,  of  West 
Virginia,  said :  "  The  vast  mineral  wealth  locked  up  in  our  mount- 
ftins  should  be  developed."  Mr.  Haskell  said  "  Congress  does  not 
possess  the  power  to  oust  the  State  surveys  from  their  work  under 
!;he  State  laws,  and  this  is  simply  to  give  free  and  full  power  and 
opportunity  to  give  us  what  we  need — a  Geological  Survey  of  the 
United  States."  On  the  other  hand,  Mr.  Reagan,  of  Texas,  said 
"^I  shall  vote  against  this  bill,  either  with  the  amendment  or 
inthout  the  amendment,  because  I  do  not  believe  the  Constitution 
enables  me  to  pass  such  a  law.  We,  day  by  day,  and  step  by 
step,  in  advance  of  them  [our  predecessors],  proceed  without  the 
luthority  of  the  Constitution  in  creating  new  sources  of  expendi- 
ture, and  entailing  new  burdens  on  the  people." 

Thus  the  investigation  of  ore  deposits  is  a  chief  end  in  view 
— ore  deposits  which  belong  to  private  individuals,  not  to  the 
30untry.  It  is  asked  that  the  ore  beds  in  Tennessee  should  be 
investigated  by  a  United  States  agent,  with  the  general  goveru- 
tnent  to  meet  the  expense.  The  mineral  resources  of  the  country 
ire  to  be  investigated,  not  by  each  State  for  the  benefit  of  the 
State  and  its  citizens,  as  is  done  for  other  resources,  but  by  the 
Greneral  Government.  Tennessee  has  an  able  geological  investi- 
a^ator  in  her  own  State  Geologist,  Professor  James  M.  Safford,  who 
bas  already  studied  the  coal  and  iron  deposits  of  Tennessee ;  and 
if  appointed  to  the  work  by  the  State,  or  by  any  interested  party, 
he  would  make  as  thorough  and  satisfactory  a  report  on  the  sub- 
ject as  any  one  that  is  or  may  be  connected  with  the  Geological 
Survey  Department  under  the  United  States,  and  for  a  small  part 
of  the  sum  that  the  general  government  would  be  likely  to  pay. 
Pennsylvania  has  able  geologists,  now  at  work,  in  Professor  Lesley 
and  the  men  who  are  associated  with  him  in  the  geological  survey 
of  the  State;  and  Professor  Lesley  has  given  more  time  to  the 
subjects  from  a  geological  and  geologico-economical  point  of  view 

*Tbis  and  the  following  quotatioDS  are  from  the  Congresaional  Record  for 
June  29. 
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than  any  other  person  in  the  country.  So  other  States  have  their 
geologists,  whose  lahors  have  been  much  among  coal  and  iron 
deposits,  and  who  are  ready  to  carry  on  any  farther  investigations 
that  may  be  made.  A  special  agent  at  Washington  is  not  wanted, 
unless  it  be  that  the  United  States  Treasury  is,  through  Confess, 
a  more  accessible  source  of  funds  for  surveys  than  the  State  Trea- 
suries. The  idea  that  here  is  an  open  door  for  the  supplies 
needed  for  new  geological  surveys  would  be  pretty  sure  to  ^ve 
such  a  scheme  favor  among  geologists. 

The  following  are  points  deserving  careful  consideration  before 
the  amendment  is  passed. 

(1.)  Its  passage  will  put  an  end  to  all  State  Geological  Sur- 
veys ;  for,  by  it,  the  General  Government  appoints  a  Director  for 
such  surveys,  and  gives,  thereby,  an  implied  pledge  that  it  will 
supply  the  funds  required. 

(2.)  Its  provisions  embrace  not  only  paleontological  and  geo- 
logical surveys  for  the  whole  country,  and  surveys  of  mineral 
deposits,  but  surveys  of  the  lands  of  the  country  at  laree  with 
reference  to  Agricultural  resources,  and  to  all  other  points  on 
which  the  value  of  the  Public  lands  depend.  And  it  might 
include  surveys  with  reference  to  water-power  along  all  streams 
with  the  same  propriety,  as  these  are  resources  of  the  highest 
importance. 

(3.)  All  the  States  may  go  to  Congress  for  appropriations  for 
these  various  purposes,  if  they  are  granted  to  one. 

(4.)  Nearly  all  the  States  have  had  their  Geological  Surveys 
and  have  published  volumes  of  Reports  containing  their  results 
with  regard  to  the  rocks,  fossils,  ore  beds  and  all  mineral  re- 
sources. More  detailed  and  complete  surveys  could,  however, 
in  all  cases  be  made.  But  it  would  be  vastly  better,  that  mensu- 
ration surveys  should  first  have  been  carefully  made,  as  the  writer 
has  already  urged.  And  with  respect  to  the  ore-deposits,  these 
are  now  so  well  known  through  the  surveys  that  have  been  made, 
that  what  remains,  even  in  Tennessee,  may  well  be  left  to  private 
enterprise.  ITiere  is  no  real  need  for  help  from  the  General  Gov- 
ernment. 

(5.)  The  development  of  the  resources  of  the  States  being  as- 
sumed at  Washington,  State  rights  and  State  duties  would  thereby 
be  absorbed  by  the  Central  Government;  and  this  centralization 
is  opposed  to  the  spirit  if  not  the  letter  of  the  Constitution  of  the 
United  States. 

(6.)  The  expense  of  carrying  out  the  provisions  of  the  amended 
bill  would  be  enormous.  For  the  region  to  be  covered  by  the 
detailed  surveys  is  the  whole  country,  and  the  time  its  accomplish- 
ment would  demand  would  reach  far  into  the  indefinite  future. 

As  the  history  of  the  Department  of  Geological  Surveys  is  of 
great  national  interest,  we  publish  here  a  copy  of  the  estimates 
which  Mr.  King  has  submitted  to  Congress  for  the  work  of  the 
Geological  Survey  Department,  during  the  next  fiscal  year  ending 
June  30,  1881. 
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Greological  survey  of  iron  and  coal  resources  of  public  domain  $30,000.00 

Extending  observations  on  coal  and  iron  into  old  States 20,000.00 

Survey  of  agricultural  geology  on  public  lands  of  Mississippi 

Basin 25,000.00 

Geological  survey  of  gold  and  silver  in  Division  of  Kocky 

Mountains 36,000.00 

Geological  survey  of  gold  and  silver  in  Division  of  Great 

Basin 35,000.00 

Survey  of  geological  structure  of  public  lands  in  Mississippi 

Basin 25,000.00 

Survey  of  geological  structure  and  classification  of  public 

lands  of  Rocky  Mountains 30,000.00 

Survey  of  geological  structure  and  classification  of  public 

lands  in  Colorado  Basin 40,000.00 

Survey  of  geological  structure  and  classification  of  public 

lands  in  Great  Basin 30,000.00 

Survey  of  geological  structure  and  classification  of  public 

lands  in  Pacific 26,000.00 

$330,000.00 

Thus  Mr.  King  assumes  that  the  proposed  amendment  is  as 
good  as  passed,  and  makes  his  call  for  330,000  dollars  for  his 
first  years  expenses.  The  proportion  for  "  the  States"  is  not  very 
large ;  it  is  a  oeginuing.  j.  d.  dana. 

2.  A  Handbook  of  Double  Stars^  with  a  Catalogue  of  Tkcelve 
Hundred  Double  StarSy  and  extensive  LiMs  of  Measures,     With 
additional  Notes^  bringing  the  Measures  up  to  1879.     For  the  use 
of  Amateurs.     By  Edwd.  Crossley,  F.R.A.S.,  Joseph  Gledhill, 
F.R.A.S.,  and  James  M.  Wilson,  M.A.,  F.R.A.S.     London,  1879. 
(Macmillan  &  Co.) — No  work  on  this  subject  has  of  late  years 
appeared  which  will  prove  of  sucli  general  acceptance  to  all  classes 
of  observers  as  this  excellent  handbook.     Only  those  who  have 
experienced  delay  and  vexation  from  inability  to  procure  the  pub- 
lished measures  of  stars  can  fully  appreciate  the  patient  labor 
which  the  compilers  have  bestowed  upon  this  volume ;  and  though 
it  is  modestly  dedicated  to  the  use  of  amateurs,  it  is  one  of  those 
books  which  the  professional  astronomer  will  find  convenient  for 
ready  reference  in  the  observing  room. 

The  work  (which  is  gotten  up  in  excellent  style,  typographi- 
cally), is  divided  into  four  parts :  "  the  first  part,  historical  and 
descriptive  of  instruments  and  methods ;  the  second  is  mathemat- 
ical ;  the  third  part  contains  lists  of  measures  of  the  most  interest- 
ing double  and  multiple  stars,  with  historical  notes  on  those  which 
are  of  special  interest ;  the  fourth  part  is  bibliographical."  There 
is  so  much  that  is  thoroughly  good  in  this  work  that  it  seems 
captious  to  suggest  any  omissions :  yet  it  is  very  natural  for  an 
American  to  ask,  why  is  "  Chauvenet's  Astronomy"  so  persistently 
ignored  by  English  equatorial  observers  ?  The  book  is  mentioned, 
certainly,  but  his  elegant  methods  of  reducing  micrometer  obser- 
vations are  not  given  ;  nor  is  there  any  reference  to  his  exhaustive 
discussion  of  the  errors  to  which  the  equatorial  is  liable.  The 
slipping  piece  to  the  micrometer  box,  though  originally  we  think 
an  English  invention,  is  not  mentioned,  though  it  is  of  great  value 
where  the  clock-work  is  not  in  nice  adjustment  and  the  observer 
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wishes  to  use  but  one  micrometer-screw.  Gausses  modification  of 
Bessel's  method  for  determining  the  focal  length  of  the  object- 
glass  should  have  been  given,  because  it  is  one  of  the  very  best 
methods  of  determining  the  value  of  the  revolution  of  the  micro- 
meter-screw ;  and  most  observers  would  have  liked  to  have  some- 
thing about  the  different  eye-pieces,  achromatic  and  otherwise, 
made  by  Steinheil,  Clark  and  others. 

The  working  out  of  orbits  by  both  the  graphical  and  analytical 
methods  is  an  excellent  feature,  and  it  would  be  difficult  to  im- 
prove on  the  arrangement  of  the  catalogue  and  measures,     l.  w. 

3.  Double  Star  Observations  inade  in  1877-8  at  Chicago  with 
the  18^//w?A  Refractor  of  t?ie  Dearborn  Observatory,  comprising, 
I,  a  Catalogue  of  251  Tiew  double  stars  with  measures^  and,  II, 
Micrometrical  7neasures  of  500  double  stars  ;  by  S.  W.  Burnham, 
M.A.  From  the  Memoirs  of  the  Royal  Astronomical  Society, 
vol.  xliv. — Mr.  Bumham's  Memoir  was  received  too  late  for  a 
notice.  It  bears  testimony  to  his  ability,  precision  and  energy  as 
an  astronomical  observer.  His  observations  make  an  important 
part  of  the  Handbook  of  Double  Stars,  just  noticed. 

4.  Solar  LigJit  and  Heat,  the  Source  and  the  Supply  :  Gravita- 
tion :  with  explanations  of  Planetary  and  Molecular  Forc^;  by 
Zachariah  Allen,  LL.D.  241  pp.  8vo.  New  York,  1879.  (Ap- 
pleton  ifc  Co.) — This  is  a  sequel  to  the  work  published  by  the 
author  in  1851,  The  Philosophy  of  the  Mechanics  of  Nature,  etc. 
The  idea  of  the  author  is,  that  the  revolving  planets  in  passing 
through  the  universally  diffused  ele(?tric  ethers  generate  by  their 
motion  the  moving  force  which  comes  to  us  as  light  and  heat. 
It  is  hardly  to  be  expected  that  his  views  will  be  accepted  by 
physicists. 

OBITUARY. 

Professor  B.  F.  Mudge. — Professor  Mudge  died  at  his  resi- 
dence, in  Manhattan,  Kansas,  suddenly,  on  the  21st  of  November, 
of  apoplexy.  Professor  Mudge  was  the  State  Geologist  of  Kansas. 
Only  a  few  months  since — last  September — his  Report  on  the  Geol- 
ogy of  Kansas  was  noticed  in  this  Journal.  Professor  Mudge  was 
a  man  of  great  industry  in  his  favorite  science,  and  m«ade  large  col- 
lections of  fossils,  which  were,  however,  sent  to  others  to  describe. 
Lesquereux  was  indebted  to  him  for  collections  of  Cretaceous 
plants  from  the  Dakota  group  in  Kansas,  which  make  a  considera- 
ole  part  of  his  report,  and  I^rofessor  Marsh  for  specimens  of  Creta- 
ceous vertebrates.  Professor  Mudge  thus  contributed  largely  to  the 
progress  of  American  Paleontology,  although  not  himself  aescrib- 
mg  the  species  he  collected.  In  1806,  a  paper  of  his  appeared  in 
this  Journal,  on  fossil  footprints  in  the  Carboniferous  of  Kansas, 
and  another,  in  1868,  on  a  meteorite  which  passed  over  the  State. 

John  Johnston,  since  1835  Professor  of  Chemistry  at  Wesleyan 
University,  Middletown,  Conn.,  and  for  some  years  past  relieved 
as  Emeritus  Professor,  died  at  the  residence  of  his  son  at  Clifton, 
Staten  Island,  December  1st,  1879,  in  his  74th  year.  He  was  a 
conscientious  and  successful  teacher  of  science,  and  papers  by  him 
o\\  mineralogical  and  physical  subjects  will  be  found  in  the  earlier 
volumes  of  this  Journal. 
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Art.  XL — Netv  Characters  of  Mosasauroid  Reptiles;  by 
Professor  O.  C.  Marsh.     With  Plate  L 

The  Mosasauroid  reptiles  are  so  rare  in  Europe  that  the  type 
specimen  described  by  Cuvier  still  remains  the  most  perfect  yet 
discovered  there,  and  the  only  one  from  which  important  char- 
acters have  been  made  out.  In  this  country,  however,  this 
group  attained  a  marvelous  development,  and  was  represented 
by  several  families,  and  numerous  genera  and  species.  The 
abundance  of  specimens  is  perhaps  best  illustrated  by  the  fact 
that  the  Museum  of  Yale  College  contains  remains  of  not  less 
than  1,400  distinct  individuals.  In  not  a  few  of  these,  the 
skeleton  is  nearly  if  not  quit^  complete,  so  that  every  part  of 
its  structure  can  be  determined  with  almost  absolute  certainty. 
From  this  store  of  material,  I  have  already  made  out  various 
characters  of  these  reptiles^*  and  in  the  present  communica- 
tion several  others  are  recorded,  which  have  escaped  the  atten- 
tion of  previous  observers.  The  subject  is  by  no  means 
exhausteu. 

The  Sternum. 

The  absence  of  a  sternum  has  been  asserted  by  Cope  to  be 
one  of  the  important  characters  of  the  Mosasauroid  reptiles,f 
and  this  statement  has  been  accepted  by  some  authors.  Seve- 
ral specimens,  however,  in  the  Yale  Museum,  one  of  which  is 
figured  in  Plate  I,  figure  1,  prove  the  contrary,  and  indicate  the 
presence  of  a  sternum  in  the  entire  group. 

The  most  perfect  specimens  of  the  Mosasauroid  sternum  pre- 
served pertain  to  the  genus  Edestosauru6,  and  are  of  the  true 
Lacertian  type.     The  sternum  in  this  genus  is  narrow,  and  elon- 

fate  in  form,  and  nearly  or  quite  symmetrical,  as  shown  in 
Mate  I,  figure  1.  It  is  thin,  slightly  concave  above,  and  con- 
vex below.  Its  antero-lateral  margins  are  short  and  rounded, 
and  have  distinct  grooves  for  the  coracoids.  The  costal  mar- 
gins are  much  longer,  and  converge  posteriorly.  Each  has  facets 
for  five  sternal  ribs,  and,  behind  these,  false  ribs  were  supported 
by  a  partially  ossified  pedicle,  which  joined  the  end  of  the 
sternum.     The  ossification  of  the  sternum  was  by  cndostosis. 

♦  This  Journal,  vol.  i,  p.  447,  1871,  vol.  iii,  p.  448,  1872. 

f  Vertebrata  of  the  Cretaceous,  p.   114,   1875.     Also,  Bulletiu  of  Survey  of 
Territories,  p.  309,  1878. 
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In  the  other  genera  of  Mosasjiuroid  reptiles,  the  sternum  has 
not  3-et  been  found  so  well  preserved  as  in  Edestosaurus,  but 
there  can  be  no  reasonable  doubt  of  its  presence.  In  Holosaurm 
there  appears  to  have  been  a  partially  ossified  mesosternum. 

The  Fore-limbs. 

In  Plate  I,  figure  1,  the  entire  pectoral  arch  and  paddles  of 
Edestosaurus  are  represented,  essentially  as  found  in  the  niatrix. 
Hitherto,  the  limbs  of  this  genus  have  been  only  partially 
known.  The  general  structure  of  the  paddle  is  Cetacean  in 
type.  The  humerus  is  very  short,  and  the  radius  is  larger  than 
the  ulna.  There  are  seven  distinct  carpal  bones.  The  outer 
one  of  the  proximal  series,  which  probably  represents  the  pisi- 
form, does  not  assist  in  the  support  of  any  metacarpal.  The 
digits  are  five  in  number,  of  moderate  length,  and  much  ex- 

S)anded.  The  writer  has  already  determined  and  figured  the 
ore-limb  in  Lestosaurus*  and  the  entire  arch  and  paddles  are 
here  given  for  comparison.  In  this  genus,  there  are  but  four 
carpal  bones,  all  grouped  together  on  the  ulnar  side.  There 
are  five  digits,  longer,  and  less  expanded  than  in  Edestosaurus, 
In  Tyhsaurus^  the  coracoid  has  no  emargination.  The  hu- 
merus, fore-arm,  and  entire  paddle  is  much  longer  than  in  the 
above  genera,  and  the  digits  were  less  expanded.  The  number 
of  phalanges  was  much  greater,  especially  in  digits  lY  and  V. 

The  Hind-limbs. 

Since  the  writer  discovered  the  posterior  limbs  in  several 
genera  of  the  Mosasauroids,  and  figured  the  pelvic  arches,  little 
has  been  added  to  the  subject.  In  Plate  I,  figure  3,  the  com- 
plete pelvic  arch  and  hind  paddles  of  Lestosanrus  are  repre- 
sented, the  latter  nearly  in  the  position  in  which  they  were 
found.  They  are  considerably  smaller  than  the  fore-paddles,  but 
very  similar  in  general  form  and  proportions.  The  femur  is 
more  slender  than  the  humerus,  and  there  are  but  three  tarsal 
bones,  all  on  the  outer  or  fibular  side.  There  are  five  well 
developed  digits,  and  the  number  and  position  of  the  phalanges 
are  shown  in  the  figure. 

In  Tylosaurus  the  hind-paddles  are  smaller  than  those  in 
front,  but  their  structure  is  very  similar.  All  the  genera  of 
the  Mosasauroid  group  have  a  well  developed  pelvic  arch,  and 
functional  posterior  limbs. 

The  Hyoid  Bones. 

No  hyoid  bones  have  hitherto  been  observed  in  this  group, 
bnt  they  exist  in  Tylosanrns  and  Lestosaxtrus,  and  doubtless  in 
all  the  genera.     A  pair  of  these  bones  was  found  beneath  a 

♦  This  Journal,  vol.  iil,  Plate  X. 
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skull  of  l)/lo8aurus  micromus  Marsh,  and  one  of  the  specimens  is 
represented  in  the  figures  below,  which  give  its  main  characters. 
The  upper  end  is  obliquely  truncated,  and  occupied  by  a  rugose, 
concave  face  (a)  resembling  an  imperfect  suture.  The  shaft  is 
slender,  and  somewhat  curved.  The  lower  end  is  expanded,  and 
has  two  distinct  facets  on  the  outer  and  inner  angles  (6  and  c), 
where  it  was  attached  to  other  bones.  In  Lestosaurus  there  are 
hyoid  bones  very  similar  in  form  to  those  here  described. 


Figure  1. — Three  views  of  a  hyoid  bone  of  Tylasaurus  micromus,  Marsh ;  one-half 
natural  size. 

In  Lesiosanrtis  and  Tylosaunis^  there  is  apparently  another  pair 
of  hyoid  bones,  more  slender  than  the  one  here  figured. 

The  Sclerotic  Pij^.tes. 

In  the  genera  Lestosaurus  and  Tylosaurus,  the  orbit  was  pro- 
tected by  a  ring  of  osseous  plates,  somewhat  like  those  in 
Ichthyosaurus,  and  a  few  recent  birds.    This  ring  was  composed 
of  only  a  single  row  of  plates,  which  in  position   overlapped 
each  other.     These  plates  are  subrectangular  in  shape,  longer 
than  wide,  and  their  general  features  are  shown  in  the  figures 
given  below.     The  lateral  edges  are  bevelled  so  as  to  form  a 
strong  union.     This  bevelling  is  not  uniform,  but  is  so  situated 
as  to  produce  three  kinds  of  plates.     Some  of  these  are  shaped 
like  those  in  several  modern  birds,  where  the  opposite  lateral 
edges  are  bevelled,  one  above  and  the  other  below  (figure  2a), 
forming  when  united  a  regular  imbricated  ring.     Besides  this 
variety,  however,  two  other  kinds  are  found  in  Mosasauroids, 
tamely:  one  with  both  lateral  edges  bevelled  below  (figure  8), 
and  the  other  with  these  margins  bevelled  above  (figure  4). 
These  three  kinds  occur  in  the  same  orbit.     All  of  these  plates 
are  somewhat  curved,  with  the  concavity  external.     The  outer 
margins  are  thickened,  and  the  inner  thin  and  sharp.     The 
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subrectangular  sbape  of  all  the  plates  shows  that  when  in 
positioD,  the  outer  and  inaer  diameters  of  the  sclerotic  ring  were 
not  widely  different. 


The  sclerotic  plates  of  the  Mosasauroids  may  be  distinguished 
from  the  deroial  scutes  on  the  head  and  body  by  their  pecaliai 
shape,  and  much  larger  size.  The  latter,  so  far  as  knowt),  are 
more  rhombic  in  form,  but  their  variations  on  difiTerent  parts 
of  the  body,  and  in  difierent  species,  remain  to  be  determined. 

The  Tbansvbrsb  Bonb. 

The  element  in  the  reptilian  skull  which  Cuvier  called  the 

transverse  l>one,  and  Owen,  the  eetopterygoid,  has  not  been 
observed  hitherto  in  the  Mosasauroids,  but  it  is  present  in 
Tyhsaarus,  Leslosaurus,  and  Edestosaurus.  In  the  first  of  these 
genem,  it  is  an  L-shaped  bone,  thin  and  somewhat  twisted 
One  ramus  unites  bj  suture  with  the  corresponding  process  of 
the  pterygoid,  and  the  other  extends  forward,  nearly  at  a  right 
angle,  to  join  the  posterior  end  of  the  maxillary. 

The  I'tebygoid  Bones. 
There  has  been  some  uncertainty  in  regard  to  the  bones 
called  pteiygoids  by  Cuvier,  but  the  accuracy  of  his  determina- 
tion can  no  longer  be  fairly  questioned.  Various  specimens 
in  the  Yale  Museum  show  conclusively  that  the  dentigerous 
bones  of  the  palate  in  various  genera  of  Mosasauroids  were 
attached  [losteriorly  to  the  quadrates  by  ligament;  to  the 
basi pterygoid  processe.'^  in  the  same  waj';  to  the  maxillaries 
by  the  intervention  of  a  distinct  transverse  bone  ;  and  to  the 
true  palatines  by  squamous  suture.  Cope  has  called  these 
dentigerous  bones  " paUitines,"  and  stated  that  they  were 
separated  from  tlie  quadrates  by  intervening  bones;*  but  on 
both  points  he  was  in  error.  The  true  palatines  are  small 
edentulous  hones,  in  frant  and  outside  of  the  pteiygoidB.  They 
*  Vertebrala  of  the  Cretaceous,  p.  118. 
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>arate  the  latter  from  the  slender,  distinct  vomers.  In  the 
nu8  TylosaurWj  the  posterior  ends  of  the  pterygoids  form  a 
stinct  head.  In  Lestosaurus  and  Bolosaurus,  this  extremity  is 
3ad  and  thin.  In  none  of  these  genera  were  the  pterygoids 
ited  by  suture  on  the  median  line,  but  were  more  or  less 
dely  separated. 

The  new  characters  above  presented  are  all  Lacertilian,  rather 
an  Ophidian.  The  important  characters  of  the  Mosasauroids 
w  known  indicate  that  they  form  a  suborder  of  the  Lacertilia, 
iich  should  be  called  Mosasauria. 

JBolosaurus  abruptus^  gen.  et  sp.  nov. 

The  type  specimen  on  which  the  present  genus  is  based  is 
e  of  the  most  complete  skeletons  of  the  Mosasauroid  reptiles 
t  discovered.  This  genus  is  most  nearly  related  to  l/esto- 
urus,  and  agrees  with  it  in  the  form  and  general  characters  of 
B  skull.  It  may  be  readily  distinguished  by  the  coracoid, 
lich  is  entirely  without  emarginations,  as  well  as  by  other 
ints  of  difference.  From  Tyhsaurus  it  is  separated  widely 
'  the  premaxillaries,  mandibles,  and  the  palatinea 
The  present  species  was  one  of  the  shortest  in  proportion  to 
1  bulk  hitherto  described,  the  skull  and  tail  being  both 
•ruptly  terminated.  The  entire  length  was  about  twenty 
3t.  There  are  98  vertebrae  preserved  between  the  skull  and 
point  in  the  tail  where  the  caudals  have  a  diameter  of  one 
ch.  Many  of  these  vertebrae  are  in  position.  The  caudals 
eserved  all  had  articulated  chevrons. 

Some  of  the  dimensions  of  the  present  specimen  are  as 
Hows :  * 

Length  of  entire  lower  jaw  (two  feet) .,.  610*™™ 

Length  of  dentary  bone,  on  lower  border 342* 

Length  of  twelfth  vertebra 71' 

Transverse  diameter  of  ball 60* 

Length  of  twentieth  vertebra 86* 

Length  of  humerus _ 146* 

Width  of  distal  end ISO- 
Length  of  radius 102* 

Length  of  ulna 88* 

Length  of  femur 141* 

Width  of  distal  end 86- 

Length  of  fibula 117* 

Width  of  distal  end 100* 

Length  of  tibia 99- 

Width  of  distal  end 76' 

This  specimen  was  found  in  the  yellow  Cretaceous  chalk  of 
ansas,  oy  Mr.  S.  W.  Williston,  of  the  Yale  Museum. 

Tale  College,  New  Hayeo,  Dec.  20th,  1879. 
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t  J. — Scapular  arcli.  Bteniiiin.  anti  fore  limbs  nf  Eiksloaaarta  di^iar.  Marsh;  a 

rqni   a1>ove,   one-fiftli    Eiatural    size ;    f.   Heaptils ;    e.   c-oraroid ;    it.   Blernu 

.  humerus ;  r.  radius ;  u.  ulna ;  mc.  inotBcarpal ;  /  first  digit ;    V.  flfih  digit. 

s  2, — Scapular  arch  and   Fore  limlM  of  Lattisnurae  aimw.   Marsh ;   He«n  from 

elow.  oiie.Hiiteentli  natural  »iio.    (alters  as  in  figure  1.    Outline  of  BCeniom  from 

HatoKivrue, 

•X — Pelvic  arch  and  hind  limbs  of  LeslotaiirTU  simas;  seen  from  below,  ( 

vclftli natural  size;  tl.  ilium; /'A.  pubis;  u.  ischium;  /  femur;  t  tibia ;  y  flbii 

I.  tnotatiirBaL 

iddles  are  represented  as  horizontal,  and  the  bones  of  the  arclies  are  somewlmt 

splaced  to  bring  lliem  into  the  aame  plane. 
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^^T.  XIL — Contributions  to  Meteorology^  being  results  derived 
from  an  examination  of  the  observations  of  the  United  States 
Signal  Service  and  from  other  sources ;  by  Eli  AS  LoOMis, 
Professor  of  Natural  Philosophy  in  Yale  College.  Twelfth 
paper,  with  three  plates. 

[Bead  before  the  Natiooal  Academy  of  Sciences,  New  York,  Oct  28,  1879.] 

^ean  pressure  of  the  Atmosphere  over  the  United  States  at  differ- 
ent seasons  of  the  year. 

During  the  last  three  or  four  years  I  have  devoted  much 
^ime  to  the  study  of  atmospheric  disturbances  in  their  progress 
across  the  Rocky  Mountains.     This  work  has  been  attended 
^ith  serious  diflBculties,  a  part  of  which  have  resulted  from  the 
mode  in  which  the  barometric  observations  at  the  mountain 
stations  of  the  United  States  Signal  Service  are  reduced  to  the 
level  of  the  sea.     The  method  of  reduction  consists  in  adding 
a  constant  quantity  to  the  observations  at  each  station  ;  and 
the  same  constant  is  adhered  to  throughout  the  entire  year. 
That  this  mode  of  reduction  is  erroneous  appears  from  a  com- 
parison of  the  observations  on  Mt  Washington  with  the  obser- 
vations at  neighboring  stations  near  the  level  of  the  sea.     In 
the  following  table,  column  2d  shows  the  mean  height  of  the 
barometer  on  Mt.  Washington  (reduced  to  sea-level   by  the 
Signal  Service  method)  for  each  month  of  the  year  according  to 
the  observations  of  six  years  (1871-7).     Column  8d  shows  the 
mean  of  the  observations  at  Burlington,  Vt,  and  Portland,  Me. 
(also  reduced  to  sea-level)  for  the  same  period;  and  column  4th 
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shows  the  diflferences  between  the  numbers  in  the  two  preceding 
columns. 


Mt.W. 

Bur.  A  Port. 
30064 

Dur. 

Mt.W. 

Bar.  *  Port. 

Di£ 

January 

29-724 

-0-330 

July              30-225 

29929 

+  0-296 

February 

•693 

29*984 

-  -291 

August 

•282 

30008 

+   -274 

March 

-715 

-927 

-   ^212 

September 

•165 

•003 

+   -162 

April 

•873 

•930 

-    067 

October 

•015 

29996 

+    019 

May 

30039 

•935 

+    104 

November 

29-836 

•979 

-    143 

June 

-163 

•926 

+    227 

December 

•695 

30-004 

-    309 

We  thus  find  that  by  employing  a  constant  reduction  to  sea- 
level  for  all  months  of  the  year,  the  pressure  for  Mt  Washing- 
ton in  January  is  made  0*33  inch  too  small;  and  the  pressure 
in  July  is  made  0*296  inch  too  great 

A  similar  error  must  exist  in  the  reduction  of  the  observa- 
tions at  the  Rocky  Mountain  stations,  but  it  is  more  difficult 
to  determine  its  exact  amount,  because  the  nearest  stations  of 
comparison  which  are  situated  less  than  1,000  feet  above  the 
level  of  the  sea,  are  distant  over  500  miles.  Under  these  cir- 
cumstances I  have  endeavored  to  reduce  the  observations  at 
each  of  the  mountain  stations  to  the  level  of  the  sea,  for  each 
month  of  the  year,  independently.  The  chief  difficulty  in 
making  this  reduction  arises  from  the  uncertainty  as  to  what 
should  be  regarded  as  the  temperature  of  the  point  situated  at 
the  level  of  the  sea  and  directly  under  a  given  mountain  station. 
The  following  is  the  method  which  I  attempted  to  employ.  I 
determined  for  each  month  the  mean  temperature  of  a  point  on 
the  Pacific  coast,  and  also  the  temperature  of  a  point  in  the 
Mississippi  Valley,  each  having  the  same  latitude  as  the  given 
station.  Between  the  two  temperatures  thus  determined,  I 
interpolated  a  value  corresponding  to  the  differences  of  longi- 
tude between  the  given  station  and  the  two  points  above  named. 

The  following  table  shows  the  required  data  for  the  month 
of  January  and  the  results  of  the  computation  for  each  of  the 
stations  (except  Mt  Washington  and  Pike's  Peak)  for  which 
the  reduction  to  sea-level  by  the  Signal  Service  is  made  by  the 
addition  of  a  constant  quantity. 


Lat. 

Long. 

Elev., 
feet. 

Tempe 

rature. 
Base. 

Rcduc.  to  8.  lev. 

Mean  barom. 

Statlonn. 

Station. 

SlK.S. 
Inch. 

Comp. 
Inch. 

Inch. 

29-733 
29-944 
29-850 
29-959 
30-115 
29-646 
30*008 

Comp. 
tnch. 

Santa  F^ 
Denver 
Cheyenne 
Salt  T^ke  C. 
CJorinne 
Virginia  C. 
Fort  Benton 

o        / 

35  41 
39  45 
4112 
4110 
4130 
45  20 
47  52 

106  10 
106    4 
104  42 
112    0 
112  18 
112    3 
110  40 

6862 
6162 
6067 
4362 
4249 
5480 
2674 

29-76 
2614 
23^26 
29-23 
28-30 
16-82 
8-28 

46°32 
3623 
.Hl-80 
37-62 
3729 
27-21 
19-20 

6-54 
5-22 
5-94 
4-33 
4-25 
5-48 
2-90 

6-81 
5-37 
6-26 
4-61 
4-53 
5-76 
3-04 

30H)0 
30-09 
3017 
30-24 
30-39 
2993 
30^16 
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Columns  2  and  3  show  the  latitude  and  longitude  of  the 
stations  named  in  column  1 ;  column  4th  shows  the  elevation 
of  the  stations  above  sea-level  as  assumed  by  the  Signal  Service ; 
column  5th  shows  the  mean  temperature  oi  each  station  for  the 
month  of  January  according  to  the  observations  of  five  years ; 
column  6th  shows  the  temperature  at  the  level  of  the  sea 
directly  under  each  station,  estimated  in  the  manner  already 
described;  column  7th  shows  the  reduction  to  sea-level  adopted 
by  the  Signal  Service;  column  8th  shows  the  reduction  to  sea- 
level  computed  by  Dunwoody^s  Tables  contained  in  the  Annual 
Report  of  the  Signal  Service  for  1876,  pp.  354-360 ;  column 
9th  shows  the  mean  pressure  for  each  station  as  deduced  from 
the  Signal  Service  observations,  and  column  10th  shows  the 
mean  pressures  corrected  by  the  reductions  given  in  column  8th. 

If  now  we  attempt  to  represent  by  isobaric  lines  all  the 
observations  at  the  Signal  Service  stations  for  the  month  of 
January  (employing  for  the  Mountain  stations  the  values  given 
in  column  10  of  the  preceding  table),  we  find  that  nearly  all  the 
observations  can  be  well  represented  by  curve  lines  which  have 
a  tolerably  symmetrical  form.  There  are  only  four  cases  in 
which  the  discrepancies  amount  to  as  much  as  0*05  inch,  viz : 
Vimnia  City,  Santa  F6,  North  Platte  and  Dodge  City. 

The  result  above  found  for  Virginia  City  indicates  a  probable 
error  in  the  assumed  elevation  of  that  station.  According  to 
Hayden,  the  height  of  Virginia  City  is  6,824  feet;  according 
to  DeLacy  it  is  6,778  feet:  and  according  to  the  Signal  Service 
it  is  5,480  feet.  The  mean  of  these  three  determinations  is 
5,694  feet  Assuming  this  to  be  the  true  elevation,  the  corrected 
pressure  becomes  30'15,  which  accords  pretty  well  with  the 
observations  at  the  other  stations. 

According  to  Wheeler  the  height  of  Santa  ¥6  is  7,047  feet, 
and  according  to  the  Signal  Service  6,862  feet  Assuming  the 
true  elevation  to  be  7,000  feet,  the  corrected  pressure  becomes 
30*14,  which  accords  tolerably  well  with  the  observations  at  the 
other  stations. 

The  results  at  North  Platte  and  Dodge  City  appear  to  be 
about  0*25  inch  too  small.  These  discrepancies  cannot  reason- 
ably be  ascribed  to  error  in  the  assumed  elevations,  but  they 
are  apparently  due  to  an  erroneous  mode  of  reducing  the  obser- 
vations to  sea-level.  If  the  observations  at  these  stations  as 
published  in  the  International  Bulletin  are  reduced  to  sea-level 
by  Dunwoody's  Tables,  the  results  will  be  found  to  agree  pretty 
well  with  those  at  the  neighboring  stations.  I  then  drew  the 
isobars  which  best  represent  all  the  Signal  Service  observations 
for  the  month  of  January,  including  the  four  stations  above 
named,  with  the  corrections  which  have  been  indicated.  These 
curves  exhibit  an  area  of  high  pressure  for  the  central  part  of 
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the  American  Continent  somewhat  similar  to  that  which  prevails 
in  winter  over  nearly  the  whole  of  Asia,  but  much  inferior  in 
amount  This  area  is  however  apparently  divided  into  three 
subordinate  areas  of  maximum  pressure,  one  having  its  center 
near  Salt  Lake  City ;  another  near  Yankton,  and  a  third  near 
Atlanta  in  Georgia. 

I  next  made  a  similar  comparison  of  the  barometric  observa- 
tions for  the  month  of  July,  and  the  results  for  the  mountain 
stations  are  exhibited  in  the  following  table. 


Temperatare. 

Rednc.  to  s.  lev. 

Mean  barom. 

stations. 

Btotlon. 

Base. 

81g.8. 
Inch. 

Comp. 
Inch. 

Blg.B. 
Inch. 

Comp. 
inch. 

Santa  F^ 
Denver 
Cheyenne 
Salt  Lake  City 
Corinne 
Virginia  City 
Fort  Benton 

69'*13 
73-00 
69-45 
76-60 
76-20 
66-33 
7347 

70*'-31 
70-24 
70-34 
67-24 
67-19 
69-67 
65-33 

6-64 
5-22 
5-94 
4-33 
4-25 
6-48 
2-90 

635 
4-92 
6-71 
4-22 
4-13 
5-20 
2-66 

29-898 
30-105 
30-098 
29-978 
30-028 
29-822 
29-966 

29-71 
29-80 
29-87 
29-87 
29-91 
29-54 
29-72 

Column  2d  shows  the  mean  temperature  of  each  station  for 
the  month  of  July  according  to  the  observations  of  five  years; 
column  3d  shows  the  temperature  at  the  level  of  the  sea  directly 
under  each  station,  estimated  in  the  manner  before  indicated; 
column  4th  shows  the  reduction  to  sea-level  adopted  by  the 
Signal  Service ;  column  6th  shows  the  reduction  to  sea-level 
computed  by  Dunwoody's  Tables;  column  6th  shows  the  mean 
pressure  for  each  station  according  to  the  Signal  Service  obser- 
vations ;  and  column  7th  shows  the  mean  pressure  corrected  by 
the  reduction  given  in  column  6th. 

It  will  be  noticed  that  in  four  of  the  seven  cases  in  the  pre- 
ceding table  the  temperatures  in  column  2d  are  greater  than  in 
column  3d,  and  the  average  of  the  temperatures  in  column  2d 
is  considerably  greater  than  in  column  3d.  This  may  be 
regarded  as  demonstrating  that  I  have  adopted  a  very  absurd 
mode  of  deducing  the  temperature  at  the  level  of  the  sea. 
But  it  may  be  replied  that  the  summer  temperature  in  the 
Salt  Lake  Basin  is  higher  than  it  is  upon  the  same  parallel  on 
the  Atlantic  coast  or  the  Mississippi  river,  and  very  much 
higher  than  it  is  on  the  Pacific  coast  If  we  assume  a  decrease 
of  temperature  of  one  degree  for  each  300  feet  elevation,  we 
shall  have  a  mean  temperature  of  91°  for  July  at  the  level  of 
the  sea  under  Salt  Lake  City,  which  certainly  is  not  the  tem- 
perature which  would  prevail  there  if  the  mountains  were 
removed.  If  we  assume  the  temperature  at  the  sea-level  to  be 
the  same  as  that  actually  observed  at  Salt  Lake  City,  the 
reduction  of  the  barometer  to  sea-level  will  be  0*04  inch  less 


JBl  Loomis — Observations  o/the  U.  &  Signal  Service,       93 

than  that  given  in  the  above  table,  which  change  would  not 
materially  affect  the  conclusions  which  I  have  drawn  from  the 
observations. 

If  now  we  attempt  to  represent  by  isobaric  lines  all  the 

observations  at  the  Signal  Service  stations  for  the  month  of 

July  (employing  for  the  mountain  stations  the  values  given  in 

t\ie  last  column  of  the  preceding  table),  we  find  that  all  the 

observations  are  pretty  well  represented  except  those  at  the 

four  stations  above   named,   viz  :    Virginia   City,    Santa  F6, 

North  Platte  and  Dodge  City. 

If  we  assume  the  height  of  Virginia  City  above  sea-level  to 
be  5,694  feet,  the  corrected  pressure  becomes  29*74,  which 
accords  very  well  with  the  observations  at  the  other  stations. 
If  we  assume  the  height  of  Santa  ¥6  above  sea-level  to  be  7,000 
feet,  the  corrected  pressure  becomes  29*84,  which  also  accords 
very  well  with  the  other  observations. 

the  results  at  North  Platte  and  Dodge  City  appear  to  be 
about  0*30  inch  too  small,  which  is  apparently  due  to  an 
erroneous  mode  of  reducing  the  observations  to  sea-level,  as 
intimated  on  page  91. 

I  then  drew  the  isobars  which  best  represent  all  the  Signal 
Senrice  observations  for  the  month  of  July,  including  the  four 
stations  above  named  with  the  corrections  which  have  been 
indicated.  These  curves  exhibit  an  area  of  low  pressure  for 
the  central  part  of  the  American  continent  similar  to  that  which 
prevails  in  summer  over  nearly  the  whole  of  Asia,  but  far  infe- 
rior in  amount 

The  preceding  part  of  this  article  was  written  before  I  had 
seen  a  copy  of  the  Annual  Report  of  the  United  States  Signal 
Service  for  1878.  This  report  contains  (pp.  418-19)  the  mean 
height  of  the  barometer  for  each  station  from  the  opening  of 
the  station  to  June  30,  1877,  the  observations  being  corrected 
for  temperature  and  instrumental  error  only.  As  soon  as  I 
saw  this  table  I  decided  to  substitute  it  for  the  table  which  I 
had  previously  prepared,  and  proceeded  to  reduce  all  the  obser- 
vations to  the  level  of  the  sea  in  the  following  manner.  The 
heights  of  the  stations  were  assumed  as  given  in  the  Signal 
Service  Report  for  1878  with  the  exception  of  Virginia  City 
and  Santa  F6.  The  height  of  the  former  was  assumed  to  be 
6,694  feet,  and  the  latter  7,000  feet,  for  the  reasons  stated  on 
page  91.  For  the  month  of  July  the  temperature  at  sea-level 
was  assumed  to  be  the  same  as  at  the  station.  The  same  rule 
was  adopted  for  January  for  stations  whose  altitude  is  less 
than  1,200  feet.  For  stations  whose  altitude  is  greater  than 
1,200  feet,  the  temperature  at  sea-level  was  determined  in  the 
manner  described  on  page  90.  The  reduction  to  sea-level  was 
then  computed  from  the  data  thus  furnished  by  using  Dun- 
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woody's  Tables  (Report  1876,  pp.  364-360),  and  for  stations 
whose  altitude  exceeds  1,200  feet,  the  reduction  was  also 
determined  by  my  tables  contained  in  Guyot's  collection  of 
Hypsometrical  Tables  as  published  by  the  Smithsonian  Institu- 
tion, pp.  52-3.  The  observations  at  Mt.  Washington  and  Pike  s 
Peak,  have  not  been  employed  in  these  comparisons. 

The  following  table  shows  the  data  for  the  month  of  January. 
Column  5th  shows  the  mean  height  of  the  barometer  as  deter- 
mined at  each  of  the  stations ;  column  6th  shows  the  mean 
temperature  of  each  station  and  diflFers  slightly  from  the  num- 
bers given  on  page  90,  as  it  includes  the  observations  of  an 
additional  year ;  column  7th  shows  the  estimated  temperature 
at  the  level  of  the  sea  directly  under  each  station,  and  differs 

January  ohserGations. 


Temperatore. 

Bedac,  barom. 

stations. 

Lat. 

Lonv. 

Altl- 
tade. 

Mean 
bmrom. 

Station. 

Sea  lev. 

Don- 
woody. 

Loomla. 

Diff. 

Santa  F^ 

35-7 

106-2 

7000 

23196 

28-4 

46-2 

-189 

•198 

-009 

Dodge  City 

37-6 

1001 

2486 

27-454 

26-1 

39-3 

•176 

•181 

—  •005 

Denver 

39-7 

1051 

5269 

24-721 

26-1 

36-5 

-211 

•234 

—  023 

N.  Platte 

411 

100-9 

2838 

27-093 

18-3 

30-0 

•249 

•265 

-•006 

Cheyenne 

41-2 

104-7 

6067 

23-922 

23-6 

32-3 

-185 

•193 

—  •008 

Salt  Lake  C. 

41-2 

1120 

4362 

26-660 

29-1 

38-1 

•271 

•288 

-•017 

Yankton 

42-7 

97-6 

1276 

28-809 

11-8 

24-3 

-288 

-290 

— -002 

Virginia  C. 

45-3 

1120 

6694 

24168 

17-9 

29-1 

•135 

•159 

-024 

Bismark 

46-8 

100-6 

1706 

28-228 

5-7 

180 

•214 

-216 

—  •002 

somewhat  from  the  numbers  given  on  page  90  for  the  reason 
just  stated ;  column  8th  shows  the  height  of  the  barometer 
reduced  to  sea-level  by  Dunwoody's  Tables  (30  inches  being 
omitted);  column  9th  shows  the  height  of  the  barometer  reduced 
by  Loomis*  Table,  and  column  10th  shows  the  differences  be- 
tween the  numbers  in  the  two  preceding  columns.  It  will  be 
perceived  that  these  differences  are  small,  showing  that  Dun- 
woody^s  Tables  accord  very  well  with  Laplace^s  formula. 

Plate  II  shows  the  isobars  drawn  to  represent  the  preceding 
observations  and  also  those  at  the  other  stations  of  the  Signal 
Service,  together  with  a  few  observations  beyond  the  limits  of 
the  United  States  contained  in  Buchan's  paper  on  the  mean 
pressure  of  the  atmosphere  (Ed.  Trans.,  vol.  xxv,  pp.  575-637), 
These  curves  bear  a  pretty  close  resemblance  to  those  derived 
from  my  first  collection  of  observations.  There  is  a  similar 
area  of  maximum  pressure  having  its  center  near  Salt  Lake 
City;  there  is  an  area  of  maximum  pressure  whose  center  is 
near  Yankton,  and  there  is  an  area  of  maximum  spread  out 
over  the  Southern  States.  In  the  latter  area,  the  isobar  of  30'2 
inches  extends  further  to  the  northeast  than  was  previously 
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found,  but  the  general  features  of  the  curves  are  but  little 

changed.     The  breaking  up  of  the  area  of  high  pressure  into 

three  subordinate  areas  is  distinctly  indicated,  and  it  is  scarcely 

to  be  expected  that  this  feature  will  be  made  to  disappear  by 

a  longer  continuance  of  the  observations.     It  appears  probable 

that  there  is  a  permanent  cause  for  this  peculiarity,  and  it  may 

perhaps  be  ascribed  to  the  usual  course  pursued  by  barometric 

minima.     The  centers  of  great  storms,  particularly  in  winter, 

generally  follow  the  eastern  slope  of  the  Rocky  Mountains 

until  they  reach  latitude  40°  or  a  little  further  south,  after 

which  they  turn  eastward  and  soon  incline  somewhat  to  the 

north  of  east     This  low  barometer  is  partly  compensated  by 

the  high  pressure  which  succeeds  it,  but  this  compensation  is 

apparently  not  quite  complete. 

The  following  table  shows  the  data  for  the  month  of  July 
for  the  same  stations  named  in  the  table  on  page  94,  and  the 
anangement  of  the  table  is  the  same. 

Jtdy  observations. 


SUUons. 

AlU- 
tode. 

SaDtaFe 

7000 

Dodge  City 
Denver 

2486 
5269 

North  Platte 

2838 

Cheyenne 
Salt  Lake  City 
TanktOD 

6057 
4362 
1275 

Virginia  City 
Bismark 

5694 
1706 

Mean 
barom. 


23-353 
27-403 
24-873 
27065 
24- 143 
25-628 
28-674 
24-339 
28-143 


Ther- 
mom. 


69-02 
77-53 
73-16 
74-77 
69-60 
76-84 
74-18 
64-54 
70-17 


Bednc.  barom. 


Don* 
woody. 


29 


•863 
•859 
-884 
•872 
•854 
•798 
•974 
•788 
-880 


Loomifl. 


DUr. 


29 


•884 

-869 

•902 

•879 

•883 

•816 

•9791 

•809' 

•884; 


•021 
•010 
•018 
•007 
•029 
•018 
•005 
•021 
•004 


It  will  be  noticed  that  the  differences  between  the  results  by 
Dunwoody's  Tables  and  my  own  are  quite  small,  showing  that 
Dunwoody's  Tables  give  very  good  results  for  altitudes  as  great 
as  7,000  feet,  for  summer  as  well  as  winter. 

Plate  III  shows  the  isobars  drawn  to  represent  the  preceding 
observations  as  well  as  those  at  other  stations  of  the  Signal  Ser- 
vice. These  curves  bear  a  close  resemblance  to  those  de- 
rived from  my  first  collection  of  observations.  The  area  of 
minimum  pressure  extends  from  Salt  Lake  City  northward,  and 
the  pressure  increases  on  each  side  of  this  area,  but  most  rap- 
idly on  the  west  side.  These  curves  generally  represent  the 
observations  very  well ;  but  there  are  some  exceptions,  particu- 
larly at  the  stations  between  the  Rocky  Mountains  and  Lake 
Michigan.  The  greatest  discrepancy  is  at  Yankton,  where  the 
observed  height  exceeds  that  shown  on  the  chart  by  0*07  inch ; 
while  at  Chicago  the  observed  height  is  less  than  the  chart  by 
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0*05  inch.  The  observations  make  the  pressure  at  Dodge  City 
0*08  inch  less  than  at  Denver,  while  the  chart  makes  the  former 
0  025  inch  greater  than  the  latter.  A  part  of  these  discrepan- 
cies may  be  ascribed  to  the  fact  that  the  observations  at  the 
different  stations  were  not  all  made  on  the  same  years.  Ac- 
cording to  the  Dakota  Southern  Railroad  Survey  the  elevation 
of  Yankton  is  1,202  feet  K  we  adopt  this  value,  both  the  Jan- 
uary and  July  observations  at  Yankton  accord  pretty  well  with 
the  observations  at  neighboring  stations.  The  observations  at 
Chicago  seem  to  indicate  a  small  zero  error  in  the  barometer. 

The  pressure  at  Salt  Lake  City  reduced  to  sea  level  appears 
to  be  0*472  inch  greater  in  winter  than  in  summer ;  while  in 
Central  Asia  the  difference  between  winter  and  summer  amounts 
to  an  entire  inch.  It  is  evident  that  the  same  cause  operates  in 
North  America  as  in  Asia,  but  with  diminished  energy. 

Comparison  of  barometric  minima  in  Europe  and  America. 

The  monthly  Review  of  the  weather  for  1877  published  by 
Dr.  Neumayer  of  Hamburg,  contains  a  summary  of  the  results 
derived  from  the  observations  of  1876  and  1877.  I  propose  to 
compare  some  of  these  results  with  those  obtained  in  the  United 
States. 

Rate  of  progress  of  barometric  minima. — Dr.  Neumayer  has 
given  for  each  month  of  the  years  1876  and  1877  the  average 
daily  progress  of  barometric  minima  in  Europe  expressed  in 
myriameters.     I  have  reduced  these  values  to  English  miles 

f)er  hour,  and  the  results  are  shown  in  column  4th  of  the  fol- 
owing  table.  For  the  purpose  of  comparison,  I  have  placed 
in  column  2nd  the  velocities  deduced  from  three  years  observa- 
tions in  the  United  States  as  published  in  this  Journal,  vol.  x, 
p.  1.  I  have  also  reduced  to  a  tabular  form  the  velocities  given 
m  the  monthly  Reports  of  the  Signal  Service  since  Nov.  1875, 


Loomls. 

Six.  Ser. 

Europe. 

1 
Loomls. 

Big.  Ser. 

Europe. 

January 

26-7 

33-3 

16-8 

July 

24-9 

27-6 

14-7 

February 

32-0 

28-6 

140 

August 

18-4 

22-8 

14-5 

March 

305 

30-2 

18-2 

September 

22-9 

21-5 

15-0 

April 

27-5 

24-1 

14-9 

October 

25-8 

21-4 

19-7 

May 

23-5 

23-6 

12-7 

November 

29-0 

25-5 

15-8 

June 

21-6 

23-6 

14-5 

December 

29-3 

340 

16-8 

Year 

260 

26-3 

15-5 

and  have  determined  the  averages  for  each  month.  These 
results  are  shown  in  column  3d  of  the  table.  They  are  derives! 
from  forty-four  months  of  observation,  and  refer  to  the  region 
between  the  Atlantic  Ocean  and  the  meridian  of  100°  from 
Greenwich. 
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The  average  velocity  of  storm  centers  as  shown  by  the 
monthly  Beports  of  the  Signal  Service  is  almost  identical  with 
that  which  I  had  previously  deduced.     As  these  two  results 
are  based  on  the  observations  of  six  and  two-thirds  years,  it  is 
probable  that  they  will  not  be  greatly  changed  by  a  longer  con- 
tinuance of  the  observations.   Dr.  Neumayer's  result  is  deduced 
from  observations  of  two  years,  extending  over  every  part  of 
Europe,  and  is  probably  a  close  approximation  to  the  average 
velocity  of  storm  centers  in  that  country.    The  average  velocity 
of  storm  centers  in  the  United  States  is  seen  to  be  69  per  cent 
greater  than  it  is  in  Europe.     In  my  tenth  paper  (this  Journ., 
vol.  xvii,  p.  8)  1  determined  the  average  velocity  of  storm  cen- 
ters on  the  Atlantic  Ocean  to  be  14  miles  per  hour,  which  is 
somewhat  less  than  the  value  above  found  for  the  continent  of 
Europe. 

It  appears  then  to  be  an  established  fact  that  storms  travel 
more  rapidly  over  the  eastern  portion  of  the  United  States  than 
they  do  over  the  Atlantic  Ocean  or  the  continent  of  Europe. 
What  cause  can  be  assigned  for  this  inequality?  The  winds 
on  the  Atlantic  Ocean  are  certainly  stronger  than  they  are  over 
either  of  the  continents,  and  it  is  believed  that  the  winds  of 
Central  Europe  are  generally  stronger  than  the  winds  of  the 
United  States.  In  my  eighth  paper  (this  Journ.,  vol.  xv,  p.  16)  I 
gave  the  results  of  an  extended  comparison  of  the  winds  at  tne 
oignal  Service  stations.  For  the  stations  north  of  latitude  40° 
(omitting  Mt  Washington  and  Pike's  Peak)  the  average 
velocity  is  8*7  miles  per  hour.  The  average  velocity  which  I 
have  deduced  from  a  considerable  number  of  stations  in  Eng- 
land and  its  vicinity  is  11*3  miles  per  hour.  The  average 
velocity  at  several  stations  in  Northern  Prussia  is  11*8  miles 
r  hour,  and  the  average  velocity  at  Vienna  is  11 '5  miles  per 
our.  In  my  first  paper  (this  Journ.,  vol.  viii,  p.  7)  from  a  com- 
parison of  a  large  number  of  cases,  I  showed  that  generally  the 
stronger  the  wind  on  the  west  side  of  a  storm,  the  less  the 
velocity  of  the  storm's  progress.  If  the  more  rapid  progress  of 
storm  centers  in  the  United  States  results  from  a  difference  in 
the  velocity  of  the  winds,  it  seems  probable  that  the  effect  is 
produced  by  means  of  the  vapor  which  is  precipitated.  From 
the  Rocky  Mountains  to  the  Atlantic  Ocean  storms  advance 
from  a  dryer  to  a  more  humid  atmosphere.  In  Europe,  while 
storms  travel  eastward,  they  advance  from  a  humid  to  a  dryer 
atmosphere.  Upon  the  Atlantic  Ocean  the  vapor  on  the  west- 
ern sine  of  storm  centers  generally  has  a  greater  tension  than  it 
has  upon  the  eastern  side,  owing  to  the  warm  water  of  the 
Gulf  Stream.  In  my  eighth  paper  (this  Journ.,  vol.  xv,  p.  11)  I 
have  shown  that  in  the  vicinity  of  Newfoundland  storms  are 
frequently  delayed  several  days,  and  this  result  is  apparently 
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due  to  the  abuDdant  precipitation  of  vapor  in  that  region.  In 
my  first  paper  (this  Journ.,  vol.  viii,  p.  6)  I  have  shown  that  when 
a  storm  center  advances  eastward  most  rapidly,  the  rain-area 
generally  extends  to  an  unusual  distance  on  the  east  side; 
and  the  storm  center  advances  less  rapidly  than  usual  when  the 
rain-area  extends  but  little  on  the  east  sida  These  facts  seem 
to  indicate  that  in  Europe  the  center  of  the  rain-area  must 
precede  the  center  of  least  pressure  by  a  less  distance  than  it 
does  in  the  United  States.  I  have  endeavored  to  decide  this 
question  by  a  comparison  of  observations.  The  most  satisfac- 
tory course  would  probably  be  to  determine  the  position  of  the 
rain-center  with  reference  to  the  point  of  least  pressure,  for  a 
large  number  of  cases  in  Europe  and  America ;  out  unless  we 
take  all  the  storms  of  a  year  indiscriminately,  we  might  be 
charged  with  having  selected  cases  for  the  pur[X)se  of  establish- 
ing a  preconceived  hypothesis.  I  have  therefore  adopted  a 
different  method,  and  have  taken  all  those  stations  both  in 
Europe  and  in  the  United  States  for  which  I  could  obtain  a 
record  of  the  rain-fall,  as  well  as  of  the  barometer,  more  than 
three  times  a  day.  I  then  divided  the  rain  of  each  month  into 
two  portions,  one  containing  the  rain  which  fell  while  the  bar- 
ometer was  descending,  and  the  other  containing  the  rain  which 
fell  while  the  barometer  was  ascending.  Whenever  it  happened 
that  the  barometer  remained  stationary  during  the  interval 
between  two  observations,  the  rain  for  that  period  was  divided 
equally  between  the  two  columns.  The  materials  which  I  have 
been  able  to  obtain  for  this  comparison  are  the  following : 

1.  Observations  made  at  Girard  College,  Philadelphia,  from 
1840  to  1845.  For  three  years  the  observations  were  made 
hourly  and  for  the  other  year  once  in  two  hours.  2.  Hourly 
observations  at  Valencia,  Armagh,  Glasgow,  Aberdeen,  Fal- 
mouth, Stonyhurst  and  Kew  for  1874.  3.  Observations  eight 
times  a  day  at  Paris  for  1877.  4.  Observations  once  in  two 
hours  at  Brussels  for  six  months  of  1879.  5.  Hourly  observa- 
tions at  Prague  for  1865,  '6H  and  '69.  6.  Hourly  observations 
at  Vienna  for  1854,  '55  and  o6  These  are  all  the  stations  in 
Europe  and  America  for  which  I  have  been  able  to  obtain 
observations  of  the  rain-fall  and  barometer  more  frequently  than 
three  times  a  day.  The  results  are  shown  in  the  following  table, 
and  are  all  expressed  in  English  inches.  When  the  observations 
at  any  station  were  continued  more  than  one  year,  the  average 
fall  for  all  the  years  has  been  taken  The  first  column,  under 
each  station  shows  the  monthly  fall  of  rain  while  the  barometer 
was  descending,  and  the  second  column  shows  the  fall  of  rain 
while  the  barometer  was  rising.  At  the  bottom  of  the  table  is 
shown  the  total  fall  for  the  year,  and  the  last  line  shows  the 
ratio  of  the  total  numbers  in  the  two  columns. 
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We  see  that  at  Philadelphia  the  amount  of  rain  which  falls 
while  the  barometer  is  descending,  is  nearly  three  times  as  great 
as  that  which  falls  while  the  barometer  is  rising,  and  during 
the  six  colder  months  of  the  year  the  rain-fall  id  the  former 

Relation  ofrairi-faU  to  barometric  presaure. 
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case  is  nearly  five  times  as  great  as  in  the  latter  case.  In  sum- 
mer there  frequently  occurs  a  thunder  shower  with  an  excessive 
fall  of  rain  accompanied  by  a  alight  rise  of  the  barometer,  and 
this  aflfords  the  explanation  of  the  fact  that  in  July  more  rain 
occnra  with  a  rising  than  with  a  falling  barometer. 

At  the  stations  near  the  west  coast  of  Great  Britain  and  Ire- 
land, the  amount  of  rain  with  a  falling  barometer  is  more  than 
twice  that  with  a  rising  barometer ;  but  this  ratio  rapidly  dimin- 
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ishes  as  we  advance  eastward.  At  Paris  this  ratio  is  reduced 
to  one  and  a  half;  and  in  Central  Europe  more  rain  falls  while 
the  barometer  is  ascending  than  while  it  is  descending. 

From  these  observations  we  must  conclude  that  storms  may 
travel  eastward  even  though  the  center  of  the  rain-area  is  some- 
what west  of  the  center  of  low  pressure.  In  my  tenth  paper 
(this  Journ.,  vol.  xvii,  p.  12)  I  have  shown  that  the  change  of 
wind  which  accompanies  a  barometric  minimum  generally 
begins  at  the  surface  of  the  earth,  before  it  does  at  elevated 
stations,  indicating  that  the  west  wind  in  the  rear  of  the  storm 
pushes  under  the  east  wind,  lifting  it  from  the  surface  of  the 
earth,  so  that  a  change  of  wind  and  an  increa.se  of  barometric 
pressure  is  observed  at  the  surface  before  there  is  any  change 
of  wind  at  the  elevation  of  2,000  or  8,000  feet  This  move- 
ment of  the  winds  does  not  prevent  the  storin  center  from  ad- 
vancinor  eastward,  but  the  storm  advances  less  rapidly  than 
when  the  center*  of  the  rain-fall  is  considerably  east  of  the  cen- 
ter of  low  pressure,  as  is  generally  the  case  in  the  United  States. 

Barometric  minima  advancing  with  unusual  velocity. 

Dr.  Neumayer  finds  in  Europe  occasional  examples  of  baro- 
metric minima  which  remain  nearly  stationary  for  a  few  days; 
and  there  are  other  examples  of  minima  which  advance  with 
extreme  rapidity. 

On  the  9th  of  September,  1876,  there  was  a  barometric  mini- 
mum (2906  inches)  not  far  from  Konigsberg  in  Prussia. 
Thence  it  made  a  circuit  through  the  southern  part  of  Sweden 
and  Norway,  and  at  the  end  of  six  days  it  was  in  Holland 
about  720  miles  west  of  the  first  named  position.  On  the  19Vh 
of  December,  1876,  there  was  a  barometric  minimum  (28*70 
inches)  near  the  southern  extremity  of  Ireland.  Thence  it 
made  a  circuit  through  England  and  back  into  Ireland,  and  at 
the  end  of  six  days  was  near  Cherburg  in  France,  less  than 
500  miles  distant  from  the  point  first  mentioned. 

The  following  table  shows  all  the  cases  in  1876  and  1877  in 
which  storm  centers  advanced  over  1000  miles  in  twenty-four 
hours. 

Column  3d  shows  the  progress  of  the  barometric  minimum 
in  twenty-four  hours  exprcvssed  in  English  miles;  column 
4th  shows  the  height  of  the  barometer  (in  English  inches) 
at  the  center  of  the  storm  at  the  beginning  of  the  day  in  ques- 
tion ;  column  6th  shows  the  latitude  of  the  center  at  the  be- 
ginning of  the  given  day  ;  column  6th  shows  the  height  of 
the  barometer  at  the  center  of  the  storm  at  the  end  of  the 
given  day;  column  7th  shows  the  latitude  of  the  center  at 
that  instant;  column  8th  shows  the  force  of  the  strongest 
wind   reported   at  any  station  for  that  day.      The  scale  is  not 
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stated  but  is  supposed  to  be  1  to  12.  Column  9th  shows  the 
differeut  directions  of  the  winds  whose  force  is  given  in  the 
preceding  column. 


i 


Date. 


1876. 
1  Aqg.  25-26 
IjOct  10-11 
3k)ct  12>13 
40ct  14-15 
5  Dec.     2-  3 


TJJaiL 
8'JaiL 
•  Jan. 

IO|¥M>. 

11  Oct 


elDea     5-  6 

1877. 

1-  2 

9-10 

19-20 

10-11 

14-15 


Profnreat, 
milM. 

Barom. 
Bog.  Inch. 

Lat. 
43'-8 

1000 

29-37 

1330 

2913 

670 

1094 

28-66 

62-2 

1131 

29-26 

63-2 

1031 

29-13 

64-0 

1174 

28-36 

61-8 

1243 

28-66 

61-8 

1019 

29-29 

60-2 

1190 

2906 

530 

1156 



55-5 

1007 

2882 

660 

Barom. 
Eag,  locb. 


29-29 
29-21 
28-74 
29-45 
29-13 
28-35 

28-70 
2913 
2913 
29-13 
29-13 


Lat. 
57-3 

Wind. 

8 

560 

10 

68  0 

10 

65-0 

540 

10 

57-2 

10 

59-7 

10 

63-5 

9 

66-0 

8 

550 

9 

660 

10 

Direction. 


N. ;  W. ;  S.W. ;  S.E. 
W.8.W. ;  S.W. 
W.N.W. ;  S.W. ;  S.8.W. 

S.S.W.;  E.S.E.;  E. 
E.N.E.;  E.S.E. 

S.W. ;  E. 

S.W. 

S.W.;  S.S.W.;  8.;  S.S.E.;  S.E. 

W. ;  W.S.W. ;  S.W. 

W.N.W. ;  S.S.W. :  S. 


It  will  be  seen  that  the  number  of  European  cases  in  which 
storms  advance  1000  miles  in  a  day,  amounts  to  11  in  two 
years,  being  an  average  of  6i  cases  annually ;  the  greatest  rate 
of  progress  observed  is  1330  miles  in  a  day;  these  storms 
generallj  advanced  toward  a  point  north  of  east,  and  in  no 
case  was  there  a  considerable  movement  toward  the  south  of 
east ;  the  average  height  of  the  barometer  at  the  center  was 
29*0  inches;  and  they  were  all  accompanied  by  winds  of  great 
violence. 

In  the  United  States,  the  cases  in  which  storms  advance 
with  a  high  velocity  are  of  much  more  frequent  occurrence, 
and  they  sometimes  attain  a  velocity  greater  than  has  been 
observed  in  Europe,  but  the  amount  of  the  barometric  depres- 
sion is  much  less.  In  my  first  paper  (this  Journ.,  vol.  viii,  p.  4) 
I  alluded  to  these  examples  of  high  velocity,  and  showed  that 
in  these  cases  the  rain-area  extended  eastward  of  the  storm's 
center  to  an  unusual  distance.  The  same  subject  was  further 
considered  in  my  third  paper  (this  Journ.,  vol.  x,  p.  6). 

I  now  present  a  summary  of  the  cases  in  which  barometric 
minima  aavanced  at  least  1000  miles  in  a  day,  during  the  period 
for  which  the  observations  of  the  Signal  Service  have  been 
published  entire,  viz :  Sept.,  1872,  to  Jan.,  1875,  and  January 
to  March,  1877.  In  the  following  table,  column  1st  gives 
the  number  of  reference;  column  2d  gives  the  date  of  com- 
mencement of  the  day  in  question,  where  1  denotes  the  7*35 
A.  M.  observation,  2  the  4*35  P.  M.  observation,  and  3  the  11 
P.  M.  observation ;  column  3d  shows  the  distance  in  English 
miles  that  the  storm  advanced  in  twenty -four  hours ;  column 
4th  (increased  by  twenty-eight  inches)  shows  the  height  of 
the  barometer  at  the  center  of  the  low  area  at  the  beginning  of 
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the  given  day;  column  6th  shows  the  station  at  which  the 
height  mentioned  in  the  preceding  column  was  observed  ;  col- 
umn 6th  (increased  by  28  inches)  shows  the  height  of  the 
barometer  at  the  center  of  the  low  area  at  the  end  of  the  given 
day ;  column  7th  shows  the  station  at  which  the  height  men 
tioned  in  the  preceding  column  was  observed ;  column  8th 
shows  the  direction  and  velocity  (in  miles  per  hour)  of  the 
highest  wind  at  any  of  the  stations  near  the  low  center 
during  the  given  day ;  column  9th  shows  the  direction  and 
velocity  of  the  highest  wind  on  Mt.  Washington  observed 
during  the  progress  of  the  storm  or  immediately  after  the 
storm  had  passed  eastward ;  column  10th  shows  the  total  rain- 
fall at  the  Signal  Service  stations  within  the  low  area  (barometer 
below  thirty  inches)  during  the  day  in  question  ;  column  11th 
shows  the  distance  that  the  rain  area  extended  eastward  of  the 
center  of  least  pressure  ;  column  12th  shows  the  distance  east- 
ward from  the  storm-center  that  abnormal  winds  extended 
(that  is,  winds  from  S.,  S.E.,  E.  or  N.E.) ;  column  13th  shows 
the  direction  of  an  area  of  high  barometer,  with  reference  to 
the  low  center ;  and  column  14th  (increased  by  thirty  inches) 
shows  the  greatest  height  of  the  barometer  within  the  high 
area  mentioned  in  the  preceding  column. 

Besides  the  cases  here  enumerated  there  are  a  few  others  in 
which  storms  may  have  advanced  with  equal  rapidity,  but 
there  is  so  much  uncertainty  with  regard  to  the  exact  position 
of  the  center  of  least  pressure  that  I  have  preferred  to  leave 
them  out  of  the  account.  The  number  of  cases  in  the  table  is 
39,  occurring  within  a  period  of  82  months  which  gives  an 
average  of  14  per  year,  being  2J  times  as  many  as  occur  in 
Europe.  The  greatest  observed  velocity  of  these  low  areas 
was  1872  miles  per  day,  which  is  40  per  cent  greater  than  the 
highest  velocity  observed  in  Europe. 

The  average  height  of  the  barometer  at  the  beginning  of  the 
days  enumerated  was  29*62  inches,  and  the  average  height  at 
the  end  of  the  days  was  29*42  inches,  which  is  only  half  of  the 
average  depression  observed  in  the  storms  of  Europe.  In  27 
of  these  cases  the  depression  at  the  center  of  the  storm  in- 
creased during  the  day,  in  11  cases  it  decreased,  and  in  one 
case  it  remained  stationary.  In  each  of  these  last  12  cases 
except  Nos.  31,  37  and  38,  the  center  of  low  barometer  passed 
north  of  the  [Jnited  States,  and  it  is  doubtful  whether  the 
lowest  barometer  was  observed.  Thus  we  see  that  in  the 
American  cases,  the  storms  generally  increased  in  intensity, 
while  in  the  European  cases  there  was  a  slight  diminution  of 
intensity. 

The  highest  wind  recorded  at  any  station  during  the  days  in 
question  (excluding  Mt  Washington  and  Pike's  Peak)  ranged 
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from  18  to  68  miles  per  hour.  In  the  case  of  No.  20,  winds 
higher  than  18  miles  per  hour  prevailed  in  other  parts  of  the 
United  States,  but  it  is  doubtful  whether  they  ought  to  be 
regarded  as  belonging  to  the  storm  here  investigated.  The 
average  of  the  numbers  in  this  column  of  the  table  is  42  miles 
per  hour.  The  number  of  cases  for  the  diflFerent  points  of  the 
compass  is  shown  in  column  2d  of  the  following  table. 


Mt.  W. 

2 
0 
0 
2 


North 
North  West 
West 
South  West 


CMes. 

Mt.W. 

OMee. 

9 
8 
6 
4 

I 

28 

4 

2 

South 
South  East 
East 
North  East 

4 
0 
3 
6 

Thus  we  see  that  in  28  of  the  cases,  the  highest  wind  came 
from  the  quarters  N.E.,  N.,  N.W.  and  W. ;  and  in  only  11  of 
the  cases  did  they  come  from  the  quarters  S.W.,  S.,  S.K  and£. 
The  average  direction  of  these  violent  winds  was  about  N.N.W. 
while  in  Europe  it  was  but  a  little  west  of  south. 

On  Mt.  Washington  the  highest  winds  range  from  54  to  110 
miles  per  hour,  the  average  being  80  miles.  The  number  of 
cases  for  the  diflFerent  points  of  the  compass  is  shown  in  col- 
umn 3d  of  the  preceding  table,  and  we  see  that  in  85  of  the 
cases  the  highest  wind  came  from  the  points  N.E.,  N.W.  and 
W. ;  while  in  only  4  of  the  cases  did  they  come  from  the  points 
S.W.,  S.,  S.E.  and  E. 

The  average  rainfall  in  24  hours  within  these  low  areas  was 
9'97  inches,  which  is  considerably  in  excess  of  the  usual  rain- 
fall at  the  same  stations.  The  amount  of  the  rain  was  how- 
ever very  variable,  ranging  from  0  to  36  inches;  and  there 
were  ten  cases  in  which  the  total  rain -fall  within  the  low  area 
was  less  than  two  inches  in  24  houre.  In  6  of  these  10 
cases  the  siorm  center  passed  beyond  the  northern  boundary 
of  the  United  States  or  very  near  to  it,  and  it  may  be  claimed 
that  probably  there  was  rain  on  the  north  side  of  these  low 
areas  ;  but  in  Nos.  2,  3  and  88,  the  center  of  the  low  area  was 
500  miles  south  of  our  northern    boundary.     No.  21   was  a 

Eeculiar  case.  On  the  morning  of  Nov.  28,  1874,  the  lowest 
arometer  at  any  of  the  signal  service  stations  was  80*15  inches, 
so  that  the  barometer  at  Mobile  was  onl}^  relatively  loWj  the 
pressure  being  unusually  high  from  the  Atlantic  to  the  Pacific 
Ocean.  In  preparing  column  8th  of  the  table,  it  was  necessary 
to  have  a  uoiform  rule  which  could  be  applied  without  bias, 
and  I  have  regarded  the  term  low  as  including  all  stations  sur- 
rounding the  storm  center,  where  the  barometer  was  below  80 
inches.  This  rule  indicated  no  rain  for  the  morning  and  after- 
noon observations  of  Nov.  28th,  although  in  fact  there  was  a 
great  fall  of  rain  and  snow  within  the  system  of  winds  which 
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circulated  about  Mobile.  If  all  this  precipitation  is  regarded 
as  belonging  to  the  storm  No.  21,  it  makes  a  total  of  17*60 
inches  for  that  day.  No.  15  presents  another  case  in  which 
the  rain-&ill  in  column  8th  is  made  to  appear  very  small  in 
consequence  of  the  rule  above  stated,  but  if  all  the  rain  in- 
cluded within  the  system  of  circulating  winds  for  that  day  were 
counted,  the  total  would  be  12*19  inches.  We  see  then  that 
these  cases  of  fast  moving  barometric  minima  were  generally 
accompanied  by  a  large  rain-fall ;  but  there  are  apparently  some 
cases  in  which  the  rain-fall  which  can  be  associated  with  these 
low  areas  was  very  slight.     Such  were  Nos.  2,  3  and  38. 

The  area  of  rain  generally  extended  a  great  distance  in  ad- 
vance of  the  storm  center,  the  average  distance  being  667  miles, 
but  there  were  several  cases  in  which  the  rain  extended  but 
little  eastward  of  the  storm  center.  These  were  generally  cases 
in  which  the  rain-fall  shown  in  column  10th  was  very  small, 
bat  No.  12  was  a  case  in  which  the  rain-fall  was  considerable, 
yet  for  each  period  of  eight  hours  the  rain  did  not  extend  sen- 
sibly eastward  of  the  center  of  least  pressure  at  the  close  of  the 
eight  hours.  This  implies  that  the  rain  did  actually  extend 
eastward  of  the  low  center  to  a  distance  equal  to  the  space 
traveled  over  by  the  storm  center  in  about  four  hours,  that  is, 
200  miles;  but  on  the  morning  of  January  4th  the  center  of 
the  rain  area  very  nearly  coincided  with  the  center  of  least 
pressure,  and  was  apparently  a  little  westward  of  that  center. 

The  abnormal  winds  generally  extended  on  the  east  side  of 
the  low  center  to  a  distance  of  about  1,000  miles,  the  average 
being  993  miles.  By  abnormal  winds  I  understand  winds  from 
the  south,  southeast,  east  or  northeast  No.  20  is  the  only 
instance  in  which  this  distance  was  less  than  500  miles ;  and 
in  this  case  there  was  another  low  center  at  a  distance  of  1,500 
miles  on  the  east  side,  the  two  being  separated  by  a  narrow 
ridge  of  higher  pressure,  in  which  the  highest  barometer  was 
30*15  inches.  T^his  ridge  of  higher  pressure  separated  two 
systems  of  circulating  winds,  and  was  apparently  levelled  before 
the  morning  of  September  3d. 

What  now  is  the  cause  of  these  rapid  movements  of  storm 

centers?     Several  of  them  apparently  resulted  from  the  mutual 

influence  of  two  low  areas.    In  my  10th  paper  (this  Journ.,  vol. 

xvii,  p.  5)  I  showed  that  on  the  Atlantic  Ocean  two  low  areas 

frequently  become  merged  in  one.     In  such  cases  the  eastern 

low  area  is  generally  retarded  in  its  progress,  and  is  sometimes 

turned  backward  toward  the  west.      At  the  same  time    the 

progress  of  the  western  low  area  must  be  accelerated.     Such 

cases  appear  to  occur  within  the  limits  of  the  United  States,  or 

near  our  borders,  although   the  geographical   extent  of  the 

weather  maps  is  too  small  to  exhibit  the  full  development  of 

Am.  Joub.  Soi.— Thibd  8brib8,  Vol.  XIX,  }io,  110.— Fxb.,  1880. 
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these  changes.     Nos.  3,  6,  8,  9,  13, 15,  18, 19,  20,  25,  27,  28,  29, 
30,  33,  34,  35,  37  and  38  were  apparently  of  this  kind. 

The  maps  accompanying  the  Hamburgh  Review  for  January, 
1877,  clearly  show  that  No.  7  of  the  cases  on  page  101  belongs 
to  this  class.  I  have  no  information  which  enables  me  to  judge 
of  the  other  European  cases  on  page  101. 

The  cases  of  barometric  minima  enumerated  in  the  table  on 
page  103  were  all  accompanied  with  high  winds  and  some  of  them 
with  violent  winds ;  they  were  generally  accompanied  with  a 
great  fall  of  rain  or  snow,  and  the  rain-area  generally  extended 
to  a  great  distance  in  front  of  the  storm's  center;  but  the  most 
noticeable  circumstance  which  characterizes  all  the  cases  is  the 
great  extent  of  abnormal  winds  in  front  of  the  storm's  center. 
These  abnormal  winds  were  apparently  due  to  an  area  of  high 
barometer  situated  on  the  south,  southeast,  east  or  northeast 
side  of  the  low  center.  These  winds  (in  consequence  of  the 
rotation  of  the  earth)  tend  to  produce  a  depression  of  the  bar- 
ometer on  their  left  side.  They  were  generally  accompanied 
with  a  considerable  rain-fall,  which  tends  to  increase  the 
velocity  of  the  winds  and  thus  produce  a  greater  depression 
of  the  barometer. 

In  order  to  illustrate  more  clearly  the  operation  of  these  dif- 
ferent causes,  I  have  prepared  Plate  IV,  which  shows  the  isobars 
and  winds  for  January  15,  1877,  at  4.35  P.  M.  (case  No.  31  of 
the  table  on  page  103).  We  see  that  the  center  of  the  low  area 
was  between  Cincinnati  and  St.  Louis,  the  lowest  pressure 
recorded  being  29*39  at  Cincinnati.  Around  this  center  the 
isobars  are  arranged  with  considerable  symmetry,  but  are 
crowded  most  closely  together  on  the  northwest  side,  and  we 
find  an  area  of  high  pressure  (30*46)  whose  center  is  not  far 
from  Brecken ridge.  Also  on  the  northeast  side  near  the  mar- 
gin of  the  chait,  we  find  another  area  of  high  barometer  (30*35). 
The  winds  tend  from  these  high  centers  toward  the  low  center, 
but  by  the  rotation  of  the  earth  they  are  deflected  to  the  right, 
thus  producing  an  increased  pressure  on  the  right  of  their 
course,  and  a  diminished  pressure  on  their  left.  The  move- 
ment due  to  these  causes  would  soon  cease  if  there  were  no 
recruiting  force.  This  force  is  supplied  by  the  precipitation  of 
the  vapor  which  is  present  in  the  air.  When  this  vapor  is  con- 
densed, the  neighboring  air  rushes  in  with  great  force  to  supply 
the  place  of  the  condensed  vapor,  and  the  air  is  expanded  by 
the  latent  heat  which  is  set  free.  This  cause  is  sufficient  to 
maintain  high  winds  as  long  as  there  is  a  great  precipitation  of 
vapor. 

On  Plate  IV  the  direction  of  the  wind  is  indicated  by  arrows; 
and  the  force  of  the  wind  is  indicated  by  the  number  of  feathers 
attached  to  the  end  of  the  arrows.     One  feather  indicates  a 
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velocity  not  exceeding  five  miles  per  hour;  two  feathers  indi- 
cate a  velocity  from  six  to  ten  miles;  three  feathers  from  eleven 
to  fifteen  miles;  four  feathers  from  sixteen  to  twenty  miles,  and 
so  on  for  higher  velocities. 

The  center  of  low  pressure  advanced  eastward  along  the  dot- 
ted line  represented  on  Plate  IV.  Some  have  claimed  that  this 
advance  of  storms  is  simple  drifts  the  entire  mass  of  air  within  the 
low  area  being  carried  bodily  eastward,  that  being  the  average 
direction  in  which  the  atmosphere  moves  in  the  middle  lati- 
tudes. This  explanation  will  not  stand  examination.  If  while 
the  winds  are  circulating  around  a  low  center,  the  entire  atmos- 
phere within  the  low  area  is  carried  bodily  eastward,  the  effect 
of  this  movement  should  be  different  upon  the  northern  and 
southern  portions  of  the  storm.  In  my  former  papers  I  have 
shown  that  on  the  north  side  of  low  areas  in  the  United  States 
the  average  direction  of  the  wind  is  nearly  northeast,  and  on 
the  south  side  it  is  from  the  southwest,  and  the  average  velocity 
of  the  winds  on  both  sides  is  nearly  the  same,  viz :  eight  miles 
per  hour,  while  the  average  progress  of  the  low  center  is  twen- 
ty-six miles  per  hour.  Suppose  now  the  velocity  of  progress 
to  be  increased  to  fifty  miles  per  hour,  if  the  entire  mass  of  air 
within  the  low  area  is  carried  bodily  eastward,  the  velocity  of 
the  wind  relative  to  the  earth's  surface  should  be  greatly  in- 
creased on  the  south  side  of  the  low  area,  while  that  on  the 
north  side  should  be  diminished,  and  the  direction  of  the  wind 
on  each  side  should  be  materially  changed.  But  we  see  from 
Plate  IV  that  on  the  north  side  of  the  low  center  the  winds 
blow  from  the  northeast  with  an  unusual  velocity,  while  those 
on  the  south  side  generally  blow  from  the  southwest  and  are 
comparatively  feeble.  If  we  compare  the  stations  within  the 
isobar  29*9  we  find  that  on  the  north  side  of  the  track  of  the 
storm,  the  average  velocity  of  the  winds  is  14*9  miles  per  hour, 
and  on  the  south  side  it  is  8*5  miles ;  that  is,  on  the  north  side 
the  average  velocity  of  the  winds  is  seventy-five  per  cent  greater 
than  it  is  on  the  south  side.  The  air  within  this  low  area  did 
not  then  drift  bodily  eastward,  but  the  eastward  movement  of 
the  stoma  was  due  to  some  other  cause. 

The  same  conclusion  applies  to  areas  of  high  barometer,  as 
will  appear  from  a  comparison  of  a  few  well-established  facts. 
In  a  former  paper  I  have  shown  that  in  the  United  States  the 
average  rate  of  motion  of  areas  of  high  barometer  is  about 
twenty-five  miles  per  hour.     I  have  also  shown  that  the  winds 
Wow  outward  from  areas  of  high  barometer,  and  therefore  at 
the  center  there  must  be  a  calm,  as  observation  generally  indi- 
t'ates.     If  the  area  of  high  barometer  was  a  mass  of  air  advanc- 
ing bodily  from  place  to  place  at  the  rate  of  twenty-five  miles 
per  hour,  the  wind  at  the  center  should  blow  at  the  r«.tfe  ol 
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twenty-five  miles  per  hour.  We  must  then  conclude  that  the 
progressive  movement  of  areas  of  high  barometer  is  like  that 
of  a  wave,  and  its  apparent  motion  results  from  a  subtraction 
of  air  from  one  side  and  an  addition  of  air  to  the  opposite  side. 

The  progress  of  areas  of  low  barometer  must  be  due  to  sim- 
ilar causes.  The  pressure  is  diminished  on  the  east  side  of  the 
low  area  and  increased  on  the  west  side,  in  consequence  of 
which  the  low  center  suffers  a  displacement  with  reference  to 
the  earth's  surface,  and  the  rate  of  progress  of  the  low  center 
will  depend  upon  the  rate  at  which  the  pressure  is  reduced  on 
the  east  side,  and  restored  on  the  west  side. 

The  advance  of  storm  centers  across  the  United  States  may 
be  affected  by  atmospheric  conditions  prevailing  much  beyond 
the  limits  of  the  signal  service  maps,  so  that  we  cannot  be  sure 
that  we  know  all  the  circumstances  which  influence  the  case 
we  are  considering,  but  from  Plate  IV  we  can  see  a  reason  why 
the  pressure  on  the  west  side  of  the  low  area  should  be  rapidly 
restored.  The  air  from  the  north  and  northwest  rushed  in  with 
great  velocity.  This  air  had  a  very  low  temperature,  the  ther- 
mometer at  4.35  P.  M.  (Washington  time)  being  below  zero  of 
Fahrenheit  at  Pembina,  Bismark,  Breckenridge,  Fort  Sully, 
Yankton,  North  Platte  and  Omaha.  On  the  northeast  side  of 
the  low  center  the  wind  was  generally  from  the  northeast,  by 
which  means  the  air  was  drawn  off  from  that  region  and  the 
pressure  diminished.  But  if  no  other  force  operated,  the  low 
area  would  soon  be  filled  up  by  these  movements  of  the  atmos- 
phere, and  the  pressure  would  resume  its  normal  state.  This 
result  is  prevented  by  the  condensation  of  the  vapor  which  is 
present  in  the  air.  The  rain  which  fell  during:  the  nine  hours 
from  7.36  a.  m.  to  4.35  P.  M.  is  exhibited  on  Plate  IV  by  dot- 
ted lines.  We  see  that  a  slight  fall  of  rain  or  snow  covered 
nearly  the  entire  United  States  east  of  the  meridian  of  100°, 
but  the  greatest  fall  was  at  Louisville  (1*56  inches  in  nine 
hours):  and  the  area  of  one-quarter  inch  rain-fall  extended 
from  Lacrosse  on  the  north,  to  Vicksburg  on  the  south,  and 
Boston  on  the  east  The  moist  and  warmer  air  on  the  east  side 
of  the  low  center  rises  from  the  earth's  surface  and  is  supplanted 
by  the  cold  air  which  presses  in  upon  the  west  side.  The  great 
extension  of  the  rain  area  on  the  east  side  causes  an  unusually 
rapid  fall  of  the  barometer  on  that  side,  and  a  corresponding 
advance  of  the  storm's  center. 

We  have  seen  from  the  table  on  page  99  that  in  the  middle 
latitudes,  storms  generally  travel  eastward,  even  though  the 
principal  rain-fall  should  be  on  the  west  side  of  the  low  center; 
but  when  the  principal  rain- fall  is  on  the  east  side  of  the  low 
center,  this  causes  a  diversion  of  the  winds  in  that  direction, 
and  the  low  center  travels  eastward  with  increased  rapidity. 
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During  the  entire  propjress  of  the  storm  of  January  14-17, 
1877,  the  winds  on  Mt  Washington  blew  uninterruptedly  from 
the  northwest,  and  the  least  velocity  reported  was  thirty-six 
miles  per  hour,  showing  that  the  movements  represented  on 
Plate  IV  were  confined  to  the  lower  stratum  of  the  atmosphere 
and  did  not  reach  to  the  height  of  6,000  feet 

Most  of  the  cases  enumerated  in  the  table  on  page  103  agree 
with  No.  31  in  several  of  the  particulars  here  stated.  Their 
rapid  movement  eastward  appears  to  have  been  due  to  an  un- 
usual extension  of  easterly  winds  which  seem  to  have  owed 
their  origin  to  the  accidental  proximity  of  areas  of  high  barom- 
eter, and  the  influence  of  this  high  barometer  was  sustained  by 
the  precipitation  of  vapor  which  extended  to  an  unusual  dis- 
tance on  the  east  side  of  the  low  center. 

In  the  table  on  page  103  are  a  few  cases  to  which  the  explan- 
ation here  given  does  not  seem  to  apply.  The  rapid  movement 
of  Nos.  2  and  3  was  apparently  due  to  their  position  between 
two  areas  of  high  barometer,  one  on  the  northwest  side  and  the 
other  on  the  southeast  In  order  to  maintain  these  areas  of  high 
barometer,  it  seems  necessary  to  admit  the  existence  of  rain  in 
some  region  not  shown  by  the  Signal  Service  observations. 
These  examples  illustrate  the  importance  of  having  observa- 
tions from  a  large  portion  of  the  earth's  surface,  in  order  that 
we  may  fully  investigate  the  phenomena  of  particular  storms. 

In  preparing  the  materials  for  this  article  I  have  been  assisted 
by  Mr.  Henrv  A.  Hazen,  a  graduate  of  Dartmouth  college,  of 
the  class  of  1871. 


Art.  XIIL — On  the  Cohr  Correction  of  Achromatic  Telescopes; 
A  reply  to  Prof.  Chas.  S.  Hastings  ;  by  Wm.  Harkness. 

In  the  December  number  of  this  Journal,  pages  434,  435, 
the  distinguished  Associate  Professor  of  Physics  of  the  Johns 
Hopkins  University  has  criticised  my  theory  of  the  color  cor- 
rection of  achromatic  telescopes  in  language  which  I  quote 
here  to  avoid  the  possibility  of  misrepresenting  it ;  merely 
adding  numbers  to  the  clauses  for  convenience  of  reference: 

**  These  results  are  directly  opposed  to  those  of  a  recent  writer 
in  this  Journal  (Prof.  Harkness  in  the  Sept.  number,  pp.  191-193). 
Bat  his  conclusions  arise  from  erroneous  calculations.  (I)  Not 
only  does  his  interpretation  of  his  equation  (12)  imply  the  manifest 
absurdity  that  in  a  system  of  infinitely  thin  lenses  in  contact  its 
properties  are  determined  by  the  order  of  the  lenses,  but  the  in- 
terpretation is  impossible.  True  A^  should  have  an  opposite  sign 
to  Aj  -|-  A„  but  that  asserts  nothing  as  to  likeness  of  the  latter 

Bymbols  in  sign.     (II)  Thus  n  in  equation  (16)  may  be  negative 
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and  consequently  his  subsequent  reasoning  is  fallacious,  for  in 
that  case  n  does  not  have  to  be  infinite  to  cause  equation  (27)  to 
vanish.  (Ill)  I  may  add  that  the  origin  of  the  confusion  is  in 
making  the  ratio  D  -7-  £  in  equation  (9)  constant ;  it  may  be,  and 
of  course  should  be,  indeterminate." 

"  (IV)  Professor  Harkness  has  made  another  mistake,  founded 
upon  inadequate  experiment,  which  has  so  important  a  bearing  on 
the  theory  of  the  double  objective  that  it  should  not  be  allowed 
to  pass  uncorrected.  His  statement  (p.  191)  concerning  the  con- 
dition for  color  correction  is  substantially  correct,  though  in  my 
opinion,  it  is  not  self-evident  but  requires  proof.  This  proof  I 
shall  supply  in  a  forthcoming  number  of  the  American  Journal  oi 
Mathematics.  (V)  His  experiment,  however  (p.  193),  directly 
contravenes  this  principle,  for  he  finds  that  the  focal  plane  does 
not  correspond  to  the  minimum  focal  distance,  but  to  something 
greater.  (VI)  The  source  of  error  is  the  introduction  of  a  varia- 
ble element  In  the  system,  namely,  the  eye,  which  would  adjust 
itself  difierently  in  observing  the  star  and  its  spectrum.  Had  the 
writer  used  eye-pieces  of  successively  higher  power,  thus  lessening 
progressively  the  power  of  accommodation  of  the  system,  with 
his  prism,  he  would  have  seen  his  points  y^  and  y^  approach  until 
they  sensibly  coincided ;  or  better  still  had  he  formed  his  spec- 
trum by  a  grating  (such  as  perforated  cardboard)  before  the 
objective,  instead  of  by  a  prism  between  the  ocular  and  eye,  he 
could  not  have  been  misled,  since  the  uncolored  image  would 
serve  to  control  the  eye." 

"  (VII)  Finally,  the  fourth  conclusion  (p.  196)  is  strictly  true, 
though  we  are  not  to  conclude,  as  would  seem  from  the  text,  that 
the  detriment  due  to  the  secondary  spectrum  depends  either  solely 
upon  the  a})erture  or  varies  inversely  as  the  focal  length  .***'* 

Let  us  examine  this  criticism  in  detail;  referring  to  its 
clauses,  and  to  the  equations  of  my  original  paper,  by  their 
respective  numbers. 

Clause  /virtually  asserts  that  three  quantities  can  be  arranged 
in  two  classes  otherwise  than  by  putting  one  in  one  class  and 
two  in  the  other.  To  prove  this  we  remark  that  equation  (12) 
ma}'  be  written 

0  =  AXb,  +  2c  jO  +  M^  +  2^.ro')  +  A,(^  +  2c,?V)      (36) 

For  all  glasses  of  which  I  have  any  knowledge,  h  is  positive, 
and  very  much  larger  than  c.  The  latter  quantity  is  some- 
times negative  ;  but  when  this  happens,  it  is  exceedingly  small. 
Y  cannot  be  otherwise  than  positive.  From  these  conditions  it 
results  that  the  quantities  (/>  +  'Iq'o^)  are  invariably  positive, 
and  therefore  the  sign  of  each  term  in  (36)  depends  solely  upon 
the  sign  of  its  A.  But  in  order  that  (36)  may  be  true,  one  of 
its  terms  must  have  a  different  sign  from  the  other  two;  and 
just  because  the  properties  of  a  system  of  infinitely  thin  lenses 
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in  contact  are  independent  of  the  order  of  the  lenses;  the 
choice  of  this  term  is  arbitrary.  Taking  advantage  of  this 
circumstance  to  follow  the  usual  practice  of  opticians,  I  made 
the  middle  lens  diflferent  from  the  other  two,  and  wrote 

-  A.(ft.  +  2C.O  =  A.(^  +  2c,y:)  +  A,(ft.  +  2e,y/)     {Si) 

But  Clause  I  declares,  "  True  Aj  should  have  an  opposite  sign 
to  Ai  +  As,  but  that  asserts  nothing  as  to  likeness  oi  the  latter 
symbols  in  sign." — A  statement  which  is  manifestly  untrue, 
unless  it  can  be  shown  that  three  quantities  can  be  arranged 
in  two  classes  otherwise  than  by  putting  one  in  one  class  and 
two  in  the  other. 

Clause  II  asserts  that  n,  in  equation  (16^  mav  be  negative. 
This  is  absurd,  because  n  =  A, -r-Aj,  ana  it  has  just  been 
shown  that  the  signs  of  A,  and  A,  are  always  similar. 

Clause  III  declares  that  D  -r-  E  should  be  indeterminate ;  and 
that  all  my  alleged  errors  arise  from  making  it  constant. 
Beferring  to  equations  (6),  we  see  that 

D  =  Afi,  +  AA  +  A  A  ^^^ 

The  A's  depend  only  upon  the  curves  of  the  lenses,  while  the 
i's  and  cs  depend  only  upon  the  physical  properties  of  the 
glasses  employed.  In  designing  an  objective  D  and  E  are  both 
so  far  arbitraiy  that  any  glasses,  and  any  curves,  may  be 
chosen  ;  but  when  the  objective  is  completed  I  certainly  do 
hold  that  its  curves,  and  the  physical  properties  of  the  pieces 
of  glass  composing  it,  are  constant  If  I  am  right  in  this,  it 
follows  that  Doth  D  and  E,  and  also  their  ratio  are  constant ; 
Clause  m  to  the  contrary  notwithstanding. 

Clause  IV  admits  the  accuracy  of  my  statement  that  an 
objective  is  properly  corrected  for  any  given  purpose  when  its 
minimum  focal  aistance  corresponds  to  rays  of  the  wave-length 
which  is  most  efficient  for  that  purpose ;  but  says  the  statement 
requires   proof,  and  is  not  self-evident.     With  the  law  of  dis- 
persion assumed  in  equation  (2),  the  focal  curve  can  have  but 
one  tangent  parallel  to  the  axis  of  abscissas ;  and  I  did  not 
suppose  it  necessary  to  tell  the  readers  of  this  Journal  that  the 
parts  of  such  a  curve  nearest  the  tangent  line  are  those  adja- 
cent to  the  point  of  tiingency.     That  consideration  proves  my 
proposition,  and  it  is  so  elementary  that  I  thought  it  self- 
eviaent     If  more  than  two  lenses,  and  a  dispersion  formula 
involving   more   than    two   powers   of    the   wave-length,   are 
assumed  ;  I  venture  to  say  that  the  condition  for  color  correc- 
tion stated  above  cannot  be  proved.     It  may  be  true  in  special 
cases;  but  in  general,  the  focal  curve  will  have  such  a  form  as 
to  give  more  than  one  minimum  focal  distance. 
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ClatLse  V  involves  the  assamption  that  the  focal  plane'  most 
be  tangent  to  the  focal  curve  at  the  point  where  the  latter 
makes  it  nearest  approach  to  the  objective.  No  reason  is 
assigned  for  this,  and  I  do  not  believe  any  exists. 

Clause  VI  virtually  asserts  that  the  focal  distance  of  an 
objective  is  a  function  of  the  power  of  its  ocular.  For  all 
astronomical  instruments  carrying  filar  micrometers,  the  first 
business  of  the  observer  is  to  place  the  wires  accurately  in  the 
focus  of  the  objective.  This  once  done,  they  are  not  again  dis- 
turbed, unless  to  make  some  radical  change  in  the  instrument 
A  dozen  eye- pieces  may  be  used  in  the  course  of  a  single 
evening;  but  no  matter  what  their  power,  when  they  are 
focused  upon  the  wires  they  are  always  found  to  be  focused 
upon  the  objective.  Hence,  the  focal  plane  always  coincides 
with  the  wires.  But  the  plane  of  the  wires  is  fixed ;  and  the 
focal  curve,  as  I  have  defined  it,  is  also  fixed.  Consequently, 
the  points  of  intersection  of  the  focal  plane  with  the  focal  curve 
are  fixed,  and  the  universal  experience  of  astronomers  demon- 
strates that  the  positions  of  tne  points  Xm  and  y^  do  not  vary 
with  the  power  of  the  ocular. 

As  Clause  VII  affirms  the  correctness  of  my  fourth  conclu- 
sion, it  is  only  necessary  to  express  my  thanks  for  such  an 
indorsement;  but  I  cannot  refrain  from  adding  that,  since  this 
clause  rests  upon  equations  condemned  by  my  critic,  there  may 
be  people  wicked  enough  to  inquire  how  these  erroneous  equa- 
tions finally  led  to  a  correct  result 

In  this  connection  it  is  desirable  to  state  that  some  months 
ago  I  investigated  the  relations  existing  in  achromatic  objec- 
tives between  aperture,  focal  length  and  secondary  spectrum. 
As  the  admissible  limit  of  the  latter  of  these  elements  is  arbi- 
trary, it  is  not  possible  to  fix  absolutely  the  relations  between 
the  other  two ;  but  I  believe  the  focal  distance  should  rarely 
be  less  than  that  given  by  the  formula 

F  =  (904a'  +  1296)*  —  36  (38) 

in  which  F  is  the  focal  distance,  in  feet ;  and  a  the  clear  aper- 
ture in  inches.  For  small  apertures,  the  foci  given  by  this 
expression  are  inconveniently  short ;  while  for  large  apertures, 
they  considerably  exceed  those  in  general  use. 

Now  consider  a  system  of  infinitely  thin  lenses  in  contact; 
and  let  us  inquire  how  many  lenses  are  needed  in  the  system, 
to  bring  the  greatest  possible  number  of  light-rays  of  different 
degrees  of  refrangibility  to  a  common  focus,  with  any  given 
law  of  dispersion. 

For  this  purpose  we  revert  to  equation  (5),  which  may  be 
written 

/-^  =  (/i,  -  1) A,+(/i,  -  1)A,  +  (/.,  -  1) A.  +  Ac.       (89) 
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the  number  of  terms  being  unlimited.  For  the  dispersion 
formula,  we  write 

M  =  VW  (40) 

The  form  of  f{X)  is  regarded  as  unknown ;  but  there  will  be  no 
loss  of  generality  if  it  is  developed  in  a  series  arranged  accord- 
ing to  the  powers  of  X.    We  therefore  have 

/4  =  a  +  ftA."  +  cA.-  +  6\'  +  &c.  (41) 

in  which  a,  b,  c,  etc.,  are  constants,  and  the  number  of  terms 
may  be  taken  as  great  as  is  desired.     Also,  let  us  put 

C  =  A,(a.  -  1)  +  A.(a,  - 1)  +  A,(a.- 1)  +  &c. 
D  =  A^-  A,ft,4-  AA+  &c. 

E  =  A,c.  +  A,c.  +  A,c,  +  &c.  (42) 

F  =  A^e,  +  Aa  +  A,e,  +  &c. 
<fec.        &c,       &c.      &c, 

the  number  of  these  equations,  and  the  number  of  terms  in  the 
right  hand  member  of  each  of  them,  being  the  same  as  the 
number  of  terms  in  the  right  hand  member  of  (41).  Then,  by 
a  simple  transformation  (89)  becomes 

/-^  =  C  +  D\-  +  E\-  +  FA'  +  &c.  (43) 

This  is  the  equation  of  the  focal  curve ;  X  being  the  abscissa, 
and  /  the  ordinate.     Its  first  derivative  is 

^=  -  /'(mDA"^*  +  riEX*-'  +  pFX^'  +  &c.)  (44) 

which,  as  is  well  known,  expresses  for  every  point  of  the  curve 
the  tangent  of  the  angle  made  by  the  tangent  line  with  the 
axis  of  abscissaa  The  number  of  rays  of  different  degrees  of 
refrangibility,  which  can  be  brought  to  a  common  focus,  will 
evidently  be  the  same  as  the  number  of  times  the  focal  plane 
intersects  the  focal  curve.  But  the  focal  plane  is  necessarily 
parallel  to  the  axis  of  abscissas ;  and  therefore  the  greatest 
possible  number  of  intersections  of  the  curve  with  the  plane 
can  only  exceed  by  one,  the  number  of  tangents  which  can  be 
drawn  parallel  to  the  axis  of  abscissas.  To  find  these  tangents, 
we  equate  (44)  to  zero,  and  obtain 

0  =  mD  +  wEA"^  +  l^FA'—  +  Ac.  (46) 

As  i  can   never  be  either  zero,  imaginary,  or  negative,  we 

We  to  consider  only  the  real  positive  roots  of  this  equation ; 

each  of  which  corresponds  to  a  tangent     To  make  the  number 

of  roots  as  great  as  possible,  the  quantities  D,  E,  F,  etc.,  must 

be  independent  of  each  other ;  which  will  be  the  case  when 

tbe  right  hand  members  of  the  equations  (42)  contain  as  many 

A's  as  there  are  powers  of  k  in  (41).     Hence  it  is  evident  that 

the  number  of  real  positive  roots  in  (45)  will  be  one  less  than 

the  number  of  powers  of  X  in  (41),  and  we  conclude  that — 
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Id  any  system  of  infinitely  thin  lenses  in  contact,  the  number 
of  lenses  required  to  bring  the  greatest  possible  number  of 
light-rays  of  different  degrees  of  refrangibility  to  a  common 
focus  is  the  same  as  the  number  of  diflferent  powers  of  it 
involved  in  the  dispersion  formula  employed. 

The  method  used  in  deducing  this  result  was  adopted  because 
it  exhibits  clearly  the  geometrical  relations  of  the  problem. 
The  result  itself  is  evident  from  a  mere  inspection  of  equation 
(43),  which  cannot  possess  more  real  positive  roots  than  it  has 
independent  coefficients,  D,  E,  F,  etc. 

The  color  correction  of  an  objective  depends  only  upon  the 
form  of  its  focal  curve;  which  form  is  as  much  under  control 
as  the  nature  of  the  case  admits  when  the  coefficients  D,  E,  F, 
etc,  of  equation  (43),  are  independent  of  each  other.  This, 
taken  in  connection  with  what  precedes,  demonstrates  that — 

In  an  objective  consisting  of  a  system  of  infinitely  thin 
lenses  in  contact,  the  color  correction  cannot  be  improved  by 
increasing  the  number  of  lenses  beyond  the  number  of  different 
powers  of  X  involved  in  the  dispersion  formula  employed. 

This  result  confirms  the  conclusion  of  my  former  paper,  in 
which  I  used  a  dispersion  formula  involving  but  two  powers  of 
the  wave-length,  and  consequently  found  but  two  lenses  neces- 
sary in  an  achromatic  objective.  It  also  throws  a  curious  light 
upon  the  general  theory  of  achromaticity.  If  the  law  of  dis- 
persion had  been  such  as  could  be  expressed  by  a  function 
involving  but  a  single  power  of  the  wavelength,  there  would 
have  been  no  irrationahty  of  spectra,  the  mean  dispersive  pow- 
ers might  have  been  just  what  they  now  are,  and  yet,  Newton 
would  have  been  right  in  saying  that  achromatic  telescopes 
were  an  impossibility.  Conversely,  the  greater  the  number  of 
powers  of  the  wave-length  involved  in  the  dispersion  function, 
the  greater  the  number  of  rays  of  diflerent  degrees  of  refrangi- 
bility  which  can  be  brought  to  a  common  focus  ;  and  this,  irre- 
spective of  any  irrationality  which  may  exist  in  the  spectra. 
With  rational  spectra,  and  a  law  of  dispersion  involving  at 
least  two  different  powers  of  the  wave-lengths,  a  pair  of  lenses 
would  suffice  for  the  construction  of  a  perfectly  achromatic 
objective.  In  strictness,  these  statements  apply  only  to  objec- 
tives consisting  of  infinitely  thin  lenses  in  contact  Possibly 
they  may  require  modification  when  the  thicknesses  and  dis- 
tances apart  of  the  lenses  are  considered. 

The  text  books  teach  that  the  condition  of  achromatism  for 
two  thin  lenses  in  contact  is 

0^PJ.+PJ\  (46) 

in  which  /i  and  yi  are  the  foci,  and  pi  and  p2  the  dispersive 
powers,  of  the  lenses.  They  further  teach  that  it  is  sufficiently 
accurate  to  put 
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in  which  8(1  is  the  difference,  and  [i  the  mean,  of  the  refractive 
indices  for  the  rays  D  and  F.  For  a  law  of  dispersion  involv- 
ing at  least  two  different  powers  of  the  wave-length,  these 
equations  will  hold  ;  but  for  a  law  involving  only  a  single 
power  of  the  wave-length,  they  may  be  satisfied,  and  yet  tne 
svstem  of  lenses  will  not  be  achromatic.  Instead  of  embodying, 
tbese  equations  are  actually  independent  of,  the  essential  con- 
dition of  achromatism :  which  is  that  at  least  two  rays  of 
widely  different  wave-length  must  be  brought  to  a  common 
focus. 

I  have  not  had  leisure  to  examine  my  critic's  figures ;  nor 
does  it  seem  worth  while  to  do  so.  My  equation  (2)  represents 
refractive  indices  with  an  accuracy  of  about  four  ana  a  half 
plac^  of  decimals,  while  most  of  the  authorities  upon  whom  he 
relies  only  give  these  quantities  to  five  places  of  decimals.  If 
this  difference  of  five  units  in  the  fifth  place  of  decimals  can 
originate  such  changes  in  the  focal  curve  as  he  supposes,  it  is 
evident  that  trustworthy  conclusions  can  only  be  reached  by 
using  very  accurate  dispersion  formulae.  Cauchy's  formula,  as 
written  in  equation  (2),  has  hitherto  been  most  used  ;  but  when 
compared  with  the  best  observations,  the  residuals,  although 
small,  show  some  constancy  of  sign.  It  has  recently  been 
claimed*  that  Briot's  formula,  which  is 

/i  z=  a  +  hX-''  +  cX-'  +  kX*  (48) 

represents  the  best  observations,  throughout  the  whole  space 
from  the  extreme  ultra-red  to  the  extreme  ultra-violet,  within 
the  limits  of  accidental  error.     If  such  is  the  case,  a  triple 
objective  may  possibly  be  better  than  a  double  one ;  but  my 
critic's  figures  certainly  do  not  suffice  to  prove  this.     They  are 
founded  upon  a  formula  whose  independent  variable  is  not  the 
wave-length  of  the  light,  but  the  refractive  index  of  a  standard 
piece  of  glass ;    and  his  Table  II,  page  432,  shows  that  when 
compared  with  observation  this  formula  yields  residuals  exhib- 
iting as  much  constancy  of  sign,  and  almost  the  s^me  magni- 
tude, as  those  given  by  my  equation  (2).    The  use  of  any  inde- 
pendent variable  other  than  the  wave-length,  is  likely  to  pro- 
duce erroneous  results,  and  certainlv  does  not  tend  to  eluciaate 
the  subject 

Having  seen  that  a  dispersion  formula  involving  only  three 
powers  of  the  wave-length  suffices  to  represent  the  best  obser- 
vations, and  remembering  that  this  circumstance  limits  the 
number  of  lenses  which  can  be  employed  with  advantage  in  an 

*  By  M.  Mouton,  in  the  Comptes  Bendus,  1879,  vol.  Ixzzriii,  p.  1190. 
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objective  to  not  more  than  three ;  we  are  now  in  a  position  to 
appreciate  the  absurdity  of  my  critic's  assertion,  page  429, 
when,  enquiring  if  it  is  possible  to  eradicate  the  secondary 
spectrum  by  increasing  the  number  of  lenses  in  an  objective, 
he  says,  "Theoretically,  since  a  new  disposable  constant  for 
color  change  is  introduced  with  each  lens  in  the  system,  the 
answer  is  evidently  affirmative  ;     *    *    *  " 

For  an  objective  consisting  of  more  than  two  lenses,  and  a 
law  of  dispersion  involving  more  than  two  powers  of  the  wave- 
length, the  condition  given  in  my  former  paper,  P^e  196,  for 
the  best  color  correction,  is  no  longer  applicable.  The  problem 
then  becomes  very  complex,  but  I  am  inclined  to  think  that  it  is 
satisfactorily  solved  by  attributing  to  each  element  of  the  focal 
curve  a  mass  proportional  to  its  efficiency  for  the  purpose  for 
which  the  correction  is  required,  and  varying  the  curve  until 
its  moment  of  inertia  about  its  intersection  with  the  focal  plane 
becomes  a  minimum.  It  is  also  probable  that  this  condition 
will  suffice  to  determine  the  relative  merits  of  double  and  triple 
objectives ;  the  focal  curve  with  the  smallest  moment  being  the 
best. 

Finally,  it  only  remains  to  reiterate  that  the  conclusions  of 
my  former  paper  are  certainly  correct  to  the  d^ree  of  accuracy 
involved  in  my  fundamental  equations — that  is,  for  a  system  of 
infinitely  thin  lenses  in  contact,  and  for  the  law  of  dispersion 
embodied  in  equation  (2).  For  a  different  law  of  dispersion,  or 
if  the  thicknesses  and  distances  apart  of  the  lenses  are  consid- 
ered, these  conclusions  may  require  modification. 

Washington,  Dec  29,  1819. 


Art.   XrV. — Finite  in    Kasiern  Massachusetts:  its    Origin  and 
Geological  Relations ;  by  W.  O.  Crosby. 

One  of  the  most  interesting  constituents  of  the  conglomerate 
so  extensively  developed  in  the  vicinity  of  Boston  is  a  soft, 
greenish  and  somewhat  unctuous,  amorphous  mineral,  which 
many  observers  have  mistaken  for  serpentine,  but  which  is 
shown  by  its  ready  fusibility  not  to  be  magnesian  ;  while  analy- 
sis proves  that  it  is  essentially  a  hydrous  alkaline  silicate  of 
aluminum.  In  fact,  it  presents  in  its  chemical,  as  well  as  its 
physical,  characters  a  close  agreement  with  the  species  pinite. 
(See  analyses  below).  The  hardneas  is  ordinarily  near,  or  a 
little  above,  3 ;  the  purer  varieties,  however,  usually  refuse  to 
scratch  calcite.  The  specific  gravity,  so  far  as  determined,  is 
between  2*7  and  2*75.  Luster  none,  or  waxy  and  feebly  shin- 
ing. The  predominant  color  is  a  whitish-green ;  but  the  varia- 
tion is  from  nearly  white  through  whitish,  grayish  and  dirty 
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greens  to  a  dull  grass  or  olive  green.  The  deeper  color  seems 
usually  to  belong  to  the  purer  varieties. 

At  some  points,  the  paste  or  cement  of  the  conglomerate 
appears  to  include  much  pinite ;  yet  in  its  purest  state  this  sub* 
stance  occurs  mainly  in  the  form  of  pebbles.  In  either  case, 
however,  it  is  always  clearly  an  imported  constituent  of  the 
rock«  Although  not  properly  a  principal  ingredient  of  the  con- 
glomerate, the  pinite  aetritus  is  scarcely  ever  entirely  wanting ; 
while  in  several  limited  localities  the  rock  is  mainly  composed 
of  it;  forming  a  distinct  pinite  conglomerate  The  following 
are  the  principal  localities  in  the  Boston  basin  where  the  con- 
glomerate is  notably  rich  in  pinite :  the  north  shore  of  Squan- 
tum ;  Milton,  on  and  near  Central  Avenue ;  several  points  in 
Newton,  especially  in  the  vicinity  of  Newton  Comer  and  New* 
ton  Upper  Falls ;  and  along  the  line  of  the  Sudbury  River 
Aoueduct  in  South  Natick. 

The  pinite  pebbles,  probably  on  account  of  their  inferior 
hardness,  being  permanently  plastic,  as  it  were,  are  usually 
very  much  flattened  in  parallel  planes ;  giving  rise,  where  they 
are  suflSciently  abundant,  to  a  decidedly  schistose  structure  in 
the  rock,  or  more  properly  an  imperfect  cleavage.  This  cleav- 
age structure  in  the  pinite  conglomerate  is  very  clearly  the 
result  of  pressure,  and  shows  a  nearly  constant  dip  and  strike 
in  all  parts  of  the  district;  being  entirely  independent  of  the 
stratification,  and  agreeing  perfectly  in  all  the^e  respects  with 
the  cleavage  of  the  slate  rocks.  Where  the  pinite  pebbles  are 
scattering,  they  are  sometimes  found  as  contorted  layers  envel- 
oping pebbles  of  harder  materials. 

The  distinctly  stratified  rocks  of  the  Boston  basin  include 
two  principal  varieties — the  conglomerate,  or  "  Roxbury  pud- 
ding stone,"  and  the  slate.  The  volume  of  each  of  these  varies 
from  four  hundred  or  five  hundred  to  perhaps  one  thousand 
feet ;  and  the  former  constitutes  the  lower  half  and  the  latter 
the  upper  half  of  one  continuous  and  conformable  series.  The 
upper  or  argillaceous  member  of  the  formation  includes  the 
Paradoxides  slate  in  Braintree ;  and  this  determines  the  Pri- 
mordial age  of  the  entire  series.  The  slate,  and  more  espe- 
cially the  sandstone  which  marks  the  passage  from  the  slate  to 
the  conglomerate,  is  sometimes  greenish  and  evidently  com- 
posed in  part  of  the  debris  of  pinite.  The  sediments  in  the 
,  oasin  of  the  River  Parker,  some  thirty  miles  northeast  of  Bos- 
ton, are  also  probably  of  Primordial  age ;  and  the  conglomerate 
portions  are  largely,  sometimes  almost  entirely,  composed  of 
pinita     Traces  of  this  mineral  have  been  frequently  observed 

in  the  conglomerate  of  uncertain  age  skirting  tne  southern  base 

of  the  Blue  Hills,  and  extending  thence  southwesterly  to  Rhode 

Hand. 
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The  pinite  is  also  found  in  other  fragmental  formations  of 
this  region.  Underlying  the  Primordial  beds  of  the  Boston 
and  River  Parker  basins,  and  having  its  best  development  in 
the  towns  of  Marblehead,  Saugus,  Melrose,  Maiden,  Medford, 
Dedham,  and  Hyde  Park,  is  an  extensive  and  somewhat  pecu- 
liar conglomerate  rock  known  locally  as  the  "  breccia"  or 
'*  petrosilex  breccia,"  being  principally,  usually  almast  wholly, 
composed  of  fragments  of  petrosilex  cemented  by  a  paste  of 
the  same  rock  more  finely  comminuted.  The  breccia  is  often 
of  a  greenish  color,  and  in  not  a  few  localities  includes  in  both 
fragments  and  cement  large  amounts  of  what  appears  to  be 
more  or  less  perfect  pinite,  i.  e.,  material  of  a  light  green  or 
greenish-white  color,  which  yields  readily  to  the  knife,  affords 
water  in  the  closed  tube,  and  is  somewhat  unctuous,  resembling 
serpentine  in  many  of  its  physical  characters,  and  yet  easily 
fusible  before  the  blowpipe.  Dr.  T.  Sterry  Hunt  has  called 
my  attention  to  th3  existence  of  pinite  in  the  breccia  in  Sau- 
gus; and  my  own  observations  have  convinced  me  that  its 
occurrence  in  this  way  is  a  general  fact  The  best  points  for 
observing  this  variety  of  breccia  are  the  following:  East  Sau- 
gus, south  of  the  railroad ;  Newton,  about  one  aiile  south  by 
west  from  Newton  Center;  West  Dedham;  many  points  in 
Hyde  Park  and  the  adjacent  part  of  Dorchester  (Mattapan); 
and  Milton,  between  the  Neponset  Eiver  and  Pine  Tree  Brook. 

The  basins  mentioned  as  holding  the  Primordial  strata  and 
the  underlying  breccia  have  been  excavated  from  the  ancient 
Huronian  formation,  which,  in  Eiistern  Massachusetts,  consists 
mainly  of  the  following  lithological  members:  granite,  binary 
and  hornblendic;  petrosilex,  stratified  and  unstratified ;  strati- 
fied and  unstratified  diorite;  and  quartzite.  In  these  old  crys- 
talline rocks  we  have  the  sources  of  all  the  materials  observed 
in  the  conglomerate  and  breccia,  not  excepting  the  pinite.  In 
this  connection,  the  most  interesting  Huronian  terrane  is  the 
petrosilex.  For  the  sake  of  convenience,  I  here  include  under 
the  name  petrosilex  both  the  acidic  division  of  the  compact 
feldspar  rocks,  or  petrosilex  proper,  and  the  basic  division,  or 
true  felsite.  The  physical  distinctions  between  the  true  petro- 
silex and  felsite,  in  Eastern  Massachusetts,  are  not  conspicuous. 
They  both  include  exotic  and  indigenous  varieties ;  and  both 
present  the  same  general  range  in  textures,  including,  besides 
the  ordinary  compact  and  porphyritic  forms,  many  different 
kinds  of  banded  structure.  Elvanite  or  quartz  porphyry  is  a 
common  rock ;  but  this  belongs,  of  course,  entirely  to  the  acidic 
group.  As  a  result  of  numerous  chemical  analyses,  I  find 
that  the  petrosilex  predominates,  and  is  usually  of  red,  brown 
or  purplish  tints;  while  the  characteristic  colors  of  the  felsite 
are  greenish,  whitish  and  sometimes  black. 
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Although  associated  with  both  the  petrosilex  and  fekite,  the 
pinite  is  found  most  frequently  witn  the  latter.  Wherever 
occurring  in  the  conglomerate  and  breccia,  as  already  observed, 
this  material  is  always  clearly  an  imported  constituent;  but 
with  the  Huronian  formation  it  never  presents  this  aspect,  all 
the  facts  pointing  to  the  conclusion  that  it  is  indigenous  here. 
In  other  words,  and  more  explicitly,  the  pinite,  as  far  as  the 
evidence  allows  us  to  judge,  exists  in  the  Huronian  series  only 
in  association  with  the  petrosiliceous  group,  and  here  only  as  a 
product  of  the  superficial  decomposition  or  alteration  of  these 
rocks.  Indications  of  this  may  be  observed  in  many  places. 
In  the  first  place,  we  have  abundant  evidence  in  the  f  ragmental 
rocks  themselves  that  the  pinite  which  they  contain  has  been 
derived  from,  and  owes  its  genesis  to  the  alteration  of,  the  Huro- 
nian petrosilex  (using  this  term  in  its  comprehensive  sense,  as 
explained  above) ;  for  there  exists,  both  in  the  pebbles  of  the 
puddingstone  and  the  fragments  of  the  breccia,  every  possible 
gradation  between  unaltered  petrosilex  and  the  purest  pinite; 
and  it  seems  highly  probable  that  much  of  the  petrosiliceous 
debris  of  these  rocks  is  still  suflFering  some  change  in  the  direc- 
tion of  a  conversion  to  pinite. 

Tarniog  now  to  the  parent  formation,  we  find  the  evidence 
even  more  conclusive.  For  instance,  the  greenish  elvanite 
which  covers  a  large  area  in  Needham,  usually  presents  a  slaty 
appearance,  yields  to  the  knife,  and  affords  water  abundantly. 
SuDstantially  the  same  statement  may  be  repeated  concerning 
the  green  petrosilex  in  West  Dedham,  and  the  greenish  '*  toad- 
stone"  and  some  other  varieties  of  petrosilex  in  Newbury.  In 
all  these  cases  the  rock  is  green,  at  least  superficially.  In  Mar- 
blehead,  Lynn,  and  other  districts,  I  have  observed  the  brown, 
gray,  black,  and  other  colors  of  the  petrosilex  changing  to 
green  near  the  joints.  In  many  instances,  probably,  the  change 
is  to  kaolinite  rather  than  pinite,  but  not  always. 

Another  argument  showing  the  derivation  of  the  pinite  in 
the  fragmental  rocks  from  the  petrosilex  is  found  in  the  fact 
that,  with  few  exceptions,  those  portions  of  the  conglomerate 
(and  the  same  is  true  of  the  breccia),  marked  by  a  predomi- 
nance of  pinite  debris  occur  in  close  proximity  to  ledges  of 
petrosilex ;  and  in  the  exceptional  cases  the  underlying  rocks 
are  probably  petro-siliceous.  This  association  is  very  signifi- 
cant; but  the  strongest  evidence  on  all  these  paints  yet 
remains  to  be  adduced. 

The  locality  affording  at  once  the  clearest  proof  that  the 
pinite  is  indigenous  in  the  petrosilex,  that  it  makes  its  appear- 
ance in  this  association  as  a  decomposition  product,  ana  that 

pinite  80  originating  is  essentially  identical  with,  and  the  source 

o{,  that  in  the  more  recent,  detrital  formations  of  Eastern  Mas- 


r. 
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sachusetts,  is  in  Milton,  od  Central  Avenue,  about  one-fourth 
mile  south  of  the  Neponset  River.  The  petrosilex  is  exposed 
here  only  on  the  nortnwest  side  of  the  avenue,  forming  the 
southwest  end  of  a  section  which  is  composed  main^  of  a  typical 
example  of  pinite  conglomerate.  The  small  pinite  pebbles  are 
embectded  in  a  brownish,  slaty  paste,  and  have  suffered  an 
extraordinary  degree  of  compression,  developing  a  well-marked 
foliation  or  cleavage  in  the  rock.  The  contact  between  the 
petrosilex  and  conglomerate  is  straight  and  well-defined.  It 
strikes  east-west,  and  dips  to  the  north  75°,  being  exactly  par- 
allel with  the  schistosity  or  cleavage  of  the  last  named  rock ; 
while  this  imperfect  cleavage  agrees  perfectly  in  dip  and  strike 
with  that  observed  elsewhere  among  the  slates  and  conglome- 
rates of  the  Boston  basin.  The  contact  just  noticed  almost  cer- 
tainly marks  a  fault,  and  both  it  and  the  cleavage  are  at  right 
angles  to  the  strike  of  the  beds.  The  stratification,  however,  is 
much  obscured  by  the  cleavage,  though  it  can  still  be  made  out 
by  careful  observation. 

The  color  of  the  unaltered  petrosilex  in  this  case  is  dark  pur- 
le,  and  the  pea-green  pinite  occurs  in  it  in  the  form  of  irregu- 
ar  and  ill-defined  masses  which  seem  to  have  their  major  axes 
normal  to  the  surface  of  the  ledge.  Closer  observation  shows 
that  they  follow  the  jointing  of  the  petrosilex ;  each  joint  being 
bordered  on  either  side  by  pinite  wnich  exhibits  a  gradual  imib- 
sage  into  normal  petrosilex  at  a  distance  of  a  few  inches.  The 
rather  limited  exposure  is  best  in  the  vertical  direction ;  and 
tracing  one  of  the  pinite-bordered  joints  downward,  it  seems 
plain  that  the  zone  of  this  material  is  broadest  and  best-marked 
near  the  surface,  becoming  narrower  below,  and  almost  entirely 
fading  out  at  a  depth  of  a  few  feet  The  best  examples  of  the 
pinite  are  found  along  those  joints  which  have  become  the  seats 
of  slender  veins  of  quartz.  The  disposition  of  the  pinite  in  the 
petrosilex  evidently  leaves  us  no  option  but  to  believe  that 
here  at  least  it  is  a  decomposition-product;  and  that  percolat- 
ing atmospheric  water,  for  which  the  joints  have  afforded  chan- 
nels, has  been  the  chief  agent  in  its  formation. 

The  indications  are  very  strong  that,  geologically  speaking, 
the  conglomerate  has  not  been  long  removed  from  this  part  of 
the  petrosilex;  hence  this  is  probably,  in  all  essential  respects, 
an  ancient  surface ;  and  I  take  it  that  we  have  here  an  exam- 
ple of  pre-Primordial  decomposition.  The  composition  of  a 
characteristic  specimen  of  the  pinite,  taken  from  its  original 
position  in  this  ledge,  is  shown  by  the  following  analysis  (I), 
made  by  Miss  E.  M.  Walton : — 
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e  pinite  in  this  petrosilex  is  unquestionably  the  source  of 
w^ith  which  the  overlying  slaty  and  schistose  conglomerate 
replete.  For,  first,  the  pinite  in  the  conglomerate  dimin- 
rapidly  as  we  recede  from  the  outcrops  of  petrosilex ;  and, 
dly,  the  mineral,  in  the  two  geological  positions,  is  essen- 

idfentical  physically  and  chemically.  The  pinite  pebbles 
lostly  quite  small  and  well  flattenea ;  and  hence  consider- 
samples  are  not  easily  secured.  The  portion  submitted  to 
sis  was  obtained  from  perhaps  a  dozen  pebbles  from  dif- 
t  parts  of  the  ledge,  great  care  being  taken  to  prevent 
xture  with  the  slaty  paste.  This  was  analyzed  by  Mrs, 
I  B.  Crosby,  and  the  result  is  given  in  analysis  II  above.* 
e  formation  of  pinite  by  the  alteration,  and  particularly 
le  hydration,  of  leldspathic  rocks  and  minerals,  which  has 
denied  by  some  authorities,  must  apparently  be  conceded 
me  cases.  Of  course  where  derived  from  a  rock  holding 
[uartz  in  an  impalpable  state,  such  as  petrosilex,  the  pinite, 
jh  appearing  quite  pure,  may,  as  the  above  analyses  show, 
I  an  abnormally  high  percentage  of  silica.  A  typical 
iple  of  purple  banded  petrosilex  from  the  Milton  area, 
^h  not  from  the  pinite  ledge,  afforded  66*3  per  cent  of 
.  This  is,  strictly  speaking,  essentially  a  true  felsite. 
r  ledges  in  the  vicinity  of  Central  Avenue  contain  an 
dance  of  pinite,  but  the  exposures  are  not  favorable  for 
aying  its  relations  to  the  felsite. 

summarizing  the  geological  history  of  the  pinite  (or  pinite 
I,  since,  considering  its  origin,  it  is  rather  more  properly  a 
than  a  mineral),  we  may  say  that,  to  furnish  the  pinite 
;us  of  the  various  fragmental  rocks  in  Eastern  Massachu- 

an  extensive  formation  has  been  required.  No  vestiges 
ich  a  formation,  distinct  from  the  Huronian  petrosilex, 
exist  in  this  region;  and  with  the  petrosilex  we  have  the 
3  only  as  a  product  of  superficial  decomposition.  The 
seem  to  warrant,  or  at  least  to  forcibly  suggest,  the  con- 

lih  of  these  analyses  were  made  in  the  Woman's  Laboratory  of  the  Massa- 
ts  Institute  of  Technology. 
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elusion  that,  in  pre-Primordial  times,  the  petro-siliceous  rocks, 
to  a  considerable  depth,  were  changed  by  the  action  of  atmos- 

Eheric  agents,  not  to  kaolin,  as  generally  at  the  present  time^ 
ut  to  or  toward  pinite ;  and  that  subsequently  this  decompo- 
sition-product was,  for  the  most  part,  swept  away  by  the  sea  in 
which  were  deposited  the  breccia  and  the  Primordial  conglom- 
erate. 

Another  very  clear  example  of  the  derivation  of  pinite  from 
feldspar  has  been  observed  on  the  rocky  peninsula  of  Marble- 
head  Neck.  On  the  northwest  shore  of  the  Neck,  visible  only 
at  low  tide,  is  a  hard,  whitish,  compact,  feldspathic  sandstone 
or  slate,  the  age  of  which  is  unknown.  It  rests  unconforma- 
bly  upon  the  banded  petrosilex  forming  the  shore  at  this  point; 
and  the  layer  of  pebbles  at  its  base  shows  very  clearly  that  the 
sandstone  is  chiefly  composed  of  the  debris  of  the  petrosilex. 
This  origin  explains  the  highly  feldspathic  nature  of  the  sand- 
stone. Scattered  through  the  sandstone  are  clear,  almost  trans- 
parent, rhombic  crystals  of  orthoclase,  3  to  6"™  long,  which  are 
very  clearly  indigenous  in  their  present  positions.  Occasion- 
ally they  are  sufficiently  numerous  to  give  a  porphyritic  aspect 
to  the  rock.  Erratics  of  this  sandstone  are  scattered  all  over 
the  Neck;  and  in  some  of  these  which  are  very  thoroughly 
weathered,  the  orthoclase  crystals  are  changed  to  a  soft,  unctu- 
ous, waxy,  green  mineral, — in  other  words,  to  pinite.  Where 
the  weathering  has  been  less  thorough,  the  characters  of  the 
pinite  are  less  strongly  marked. 


Art.  XV. — On  Lintonite  and  other  forms  of  Thomsonite:  A  pre- 
liminary  notice  of  the  Zeolites  of  the  vicinity  of  Or  and  Marais^ 
Cook  County^  Minnesota ;  by  S.  F.  Peceham  and  C.  W. 
Hall. 

Grand  Marais  is  situated  on  the  northwest  coast  of  Lake 
Superior,  one  hundred  and  eight  miles  northeast  of  Duluth.  It 
is  the  site  of  an  early  French  trading  or  mission  station,  and 
was  later  a  station  of  the  Hudson  Bay  Company.  Its  beauti- 
ful land-locked  bay  furnishes  the  only  good  harbor  between 
Duluth  and  Pigeon  Point. 

The  rocks,  for  several  miles  east  and  west,  as  well  as  at  the 
Marais,  are  classed  in  general  as  igneous,  and  have  often  a  basal- 
tic structure.  They  present,  however,  great  diversities  of  charac- 
ter both  to  the  chemist  and  lithologist;  and  while  the  mineral 
species  are  perhaps  altogether  old,  the  forms  are  in  some  cases 
new.  It  was  our  original  intention  to  confine  this  research  to 
one  or  two  peculiar  forms  that  first  attracted  our  attention,  but 
in  the  progress  of  our  examination  the  subject  has  outgrown  its 


Peckham  and  Hall — ThomsonUefrcm  Minnesota.        128 

earlier  proportions,  both  as  regards  its  extent  and  the  time  re- 
qaired  for  its  snccessf ol  completion.  We  have  therefore  con- 
daded  to  give  in  the  present  paper  some  general  observations 
with  such  details  as  are  at  present  in  hand,  reserving  others 
until  farther  study  and  analyses  shall  have  rendered  the  work 
more  complete. 

At  Qtx)d  Harbor  Bay,  about  four  miles  to  the  westward  of 
Grand  Marais,  there  begins  a  bed  of  dark  colored  rock,  highly 
decomposed  at  surface,  and  related  to  diabase  in  its  lithological 
characters.  This  bed  extends  westward  alon^  the  coast  for 
several  miles,  sloping  gently  from  the  wooded  hilltops  a  mile  or 
two  inland,  and  disappearing  beneath  the  waters  ox  the  lake. 
In  its  fresher  parts  the  rock  is  somewhat  mottled  where  coarsest, 
and  nearly  black  with  a  greenish  tinge  where  finest  in  texture. 
It  is  only  from  the  talus,  under  the  wall  of  rock  rising  above 
an  underlying  sandstone  outcrop  in  Good  Harbor  Bay,  that 
this  fresh  material  can  be  easily  ootained.  Even  here  the  mot- 
tled appearance  discloses  the  partial  decomposition  of  the  most 
perishaDle  of  the  constituents,  and  the  formation  of  some  new 
viriditic  mineral.  The  lower  layers  are  firm  and  compact, 
while  the  upper  are  extensively  jointed  and  fractured,  and 
filled  with  amygdaloidal  cavities.  These  cavities,  in  whatever 
manner  they  were  originally  formed,  have  become  filled  with 
zeolitic  minerals.  Some  of  the  cavities  are  now  empty,  but 
evidently  as  a  result  of  the  removal  of  their  contents  bv  solv- 
ents percolating  through  the  enclosing  rock.  Occasionally  the 
cavities  are  only  partially  filled,  and  the  substance  within 
shows  on  its  surface  unmistakable  traces  of  the  action  of  solv- 
ents. In  some  cavities  one  mineral  is  nearly  all  washed  away, 
leaving  the  surface  of  the  remaining  one  or  several,  as  the  case 
may  be,  rough  or  uneven,  as  originally  formed.  This  occurs 
only  where  water  has  had  access. 

The  prevailing  mineral,  thomsonite,  is  only  sparsely  distribu- 
ted in  the  lower  and  compacter  beds  of  the  lorraation.  The 
general  occurrence  of  the  several  other  minerals,  so  abundant 
here,  would  seem  to  indicate  that  this  mineral  was  formed  first 
of  all  from  the  decomposition  of  the  rock,  and  that  one  of  the 
others  owes  its  origin  in  part  at  least  to  the  decomposition  of 
those  that  were  formed  before  it.  In  many  masses  of  the  rock 
where  much  exposed  and  weathered  the  matrix  has  been  so  de- 
composed as  to  be  easily  broken  away  from  the  amygdules,  but 
in  the  fresher  portions  the  fractures  extend  across  them.  The 
other  zeolites,  being  less  persistent  than  the  thomsonite,  rapidly 
disappear,  while  the  amygdules  of  this  mineral  remain  upon 
the  narrow  beaches  of  this  vicinity  in  the  form  of  pebbles  of 
various  sizes  frequently  unbroken  and  beautifully  polished. 

The  cavities  containing  thomsonite  are  in  many  places  ex- 


124        Peckham  and  HaU — Thomsonite/rom  Minnesoia, 

ceedingly  numerous,  and  in  other  cases  few  in  number,  even  in 
the  same  bed  of  rock.  The  size  varies  from  a  microscopic 
point  to  a  diameter  of  two  or  three  inches.  In  one  piece  of  the 
thomsonite-bearing  rock,  now  in  the  General  Museum  of  the 
University  of  Minnesota,  the  number  of  amygdules  distinctly 
visible  to  the  unaided  eye  on  a  surface  two  inches  square  is  suffi- 
cient to  give  more  than  10,000,000  to  the  cubic  foot  The 
largest  in  this  area  was  about  half  an  inch  in  diameter.  The 
amygdules  are  generally  much  larger  and  more  scattered  than 
this  specimen  would  indicate.  Since  they  abound  in  the  rock 
throughout  many  feet  of  its  thickness  and  many  miles  of  its  ex- 
tent along  the  shore,  the  supply  appears  to  be  inexhaustible; 
but  practically  the  number  of  oeach-pebbles,  valuable  as  speci- 
mens, is  quite  limited.  All  the  different  varieties  of  thomsonite 
are  so  hard  that  they  take  a  fine  polish ;  and  on  account  of  this 
property  and  their  often  unique  banded  structure,  they  are 
much  sought  after  by  tourists  and  others  as  objects  of  rare 
beauty,  and  also  for  buttons,  studs,  etc. 

On  our  first  visit  to  the  beach  where  the  greater  number  of 
these  pebbles  occur,  we  at  once  recognized  fragments  of  the 
large  amygdules  as  thomsonite.  Intermingled  with  these  were 
spherical  and  oval  pebbles,  often  more  or  less  flattened,  and  of 
all  sizes  from  that  of  a  pin's  head  to  that  of  a  hickory  nut  but 
for  the  most  part  of  the  size  and  form  of  beans  and  peas. 
Some  of  these  were  also  recognized  as  thomsonite  The  larger 
portion  presented  a  great  diversity  of  color  and  physical  struct- 
ure ;  some  being  white  and  opaque,  almost  conchoidal  in  fract- 
ure, with  but  slight  indications  of  a  fibrous  structure;  others 
flesh-colored  throughout,  hard  and  fibrous,  resembling  thomson- 
ite from  the  Tyrol  and  other  localities  except  in  their  greater 
hardness  and  finer  texture;  others  coarser,  closely  resembling 
the  mineral  from  other  localities  ;  others,  curiously  banded  ex- 
ternally with  zones  and  annular  spaces  of  red,  green,  pink  and 
white;  and  still  others,  opaque  and  chrome-green  in  color, 
shading  out  in  some  to  colorless  and  translucent  with  a  con 
choidal  or  uneven  fracture.  These  last  were  at  first  supposed 
to  be  fragments  of  prehnite,  rounded  by  attrition.  On  further 
examination  a  number  of  the  green  pebbles  were  found  to  have 
a  fibrous  and  flesh-colored  interior  with  a  shell  of  the  amor- 
phous green  mineral.  In  given  portions  of  the  rock  formation, 
the  amygdules  were,  for  the  most  part,  of  the  same  general 
character  ;  in  one  place,  being  green  and  opaque ;  in  another, 
without  green  bands;  while  in  another,  for  the  most  part, 
beautifully  variegated.  Similar  local  peculiarities  were  ob 
served  in  reference  to  texture,  some  portions  of  the  rock  con- 
taining only  those  that  were  hard  and  fine  grained,  while  others 
those  that  were  uniformly  coarser  in  texture. 
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In  our  examinations  of  the  amygdules,  we  designated  the 
opaque  white  variety,  Number  one  (I),  the  ordinary  thomsonite, 
Number  two  (II),  and  the  green  varieties,  Number  three  (III). 

As  r^ards  hardness,  the  thomsonite — in  nearly  all  its  varie- 
ties— is  peculiar.  Some  fibers  scratch  quartz,  which  indicates  a 
hardness  above  7 ;  but  this  may  be  owing  to  the  presence  of 
free  silica.  The  harder  specimens  of  No.  Ill  scratched  an 
agate  mortar  easily,  but  were  scratched  by  quartz  crystal ;  yet 
Uie  percentage  of  silica  was  found  to  be  no  higher  in  the  haraer 
than  the  other  specimens.  The  grain  of  such  specimens,  however, 
is  exceedingly  fine.  Most  frequently  the  hardness  is  between 
6  and  6.  The  specific  gravity  varies  from  2*83  to  2'35 ;  the 
water-worn  and  somewhat  weathered  pebbles  have  it  a  little 
lower,  one  or  two  as  low  as  2*2.  The  fracture  of  Numbers  I 
and  II  is  fibrous;  of  Number  III  very  uneven,  and  takes  place  in 
all  directions  with  almost  equal  facility.  They  all  gelatinize  in 
hydrochloric  acid  to  a  thick  jelly.  Before  the  blowpipe  they 
fuse  easily  and  intumesce  to  a  porous  white  enamel.  In  the 
closed  tuoe,  water  to  the  amount  of  11  to  12  per  cent  of  the 
whole  weight  was  given  off  at  the  heat  of  an  ordinary  spirit 
lamp.  Grains  of  native  copper  are  frequently  found  in  them, 
particularly  in  those  of  Number  III,  which,  if  the  pebbles  are 
transparent,  exhibit  under  a  low  magnifying  power  arborescent 
groups  of  crystals,  thrusting  out  their  branches  in  every  direc- 
tion through  the  enclosing  mineral.  In  one  instance  an  amyg- 
dule,  about  as  large  as  a  cranberry,  contained  at  its  center  a  mass^ 
of  copper  of  this  kind,  one-third  of  its  diameter.  In  this  char- 
acteristic Number  III  resembles  the  prehnite  of  French  River. 

Number  I, — The  amygdules  of  this  type  are  perhaps  of  less 
common  occurrence  than  other  forms.  Externally  they  look 
like  porcelain  with  a  slight  creamy  tint.  Under  the  micro- 
scope they  appear  for  the  most  part  translucent.  Countless 
fine  dark  lines  extend  longitudinally  through  the  thin  section, 
rapidly  disappearing  to  be  replaced  by  others,  like  the  cells  in 
a  longitudinal  section  of  wood,  whicn  are  probably  caused  in 
part  by  refraction  of  the  light  from  the  edges  of  minute  densely 
packed  crystals,  from  cavities,  and  from  raicrolites.  One  notice- 
able result  of  these  lines  is  to  weaken  the  effect  of  the  mineral 
on  polarized  light  Not  infrequently  this  opaque  modification 
of  the  mineral  is  banded  with  alternating  zones,  either  trans- 
parent or  yellow,  or  even  with  both  ;  the  transparency  here 
seems  to  be  owing  to  an  absence  of  the  lines  and  microlites  just 
noticed  ;  while  the  yellow  zones  owe  their  color  to  globules  of 
ferric  oxide  distributed  through  the  mass.  In  the  worn  amyg- 
dules the  mineral  often  has  a  beautiful  pearly  luster.  In 
minute  quantities  the  ferric  oxide  gives  the  mineral  a  fiesh- 
colored  tint. 
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A  mean  of  three  analyses  showed  the  composition  of 
mineral  to  be : 

SiO   40-46 

A1,0, 29-50 

Pe.O, 0-232 

CaO 10-76 

K,0 0-367 

Na,0 4-766 

H,0 13-98 

99-986 

Even  opaque  white  amygdules  afforded  a  trace  of  ferric  03 
which  increased  to  a  few  hundredths  of  one  per  cent  when 
tint  was  perceptibly  flesh-red. 

Number  11. — Under  this  type  nearly  every  specimen  is  fib: 
and  radiated.  The  masses  are  spherical  or  elliptical,  with 
point  from  which  the  crystalline  fibers  radiate  on.  one  sid 
the  mass,  or,  as  is  perhaps  more  common,  having  several 
ters  of  radiation  within  the  compact  mass.  Occasionally 
mineral  fills  seams,  or  occupies  cavities  that  run  toget! 
here,  there  are  centers  of  radiation  at  frequent  intervals  anc 
a  system  of  suture  like  joints,  the  whole  is  made  into  a  c 
pact  mass.  Tet,  solid  as  the  mass  may  appear  to  be,  a  thin  p 
cut  from  it  invariably  separates  into  pieces  along  the  lin 
these  joints,  giving  the  mineral  an  appearance  of  fragility  w 
it  is  really  as  hard  as  agate.  The  fioers  often  interlock  a] 
the  line  of  these  joints. 

At  the  outer  extremity  of  many  of  these  radiated  concreti 
there  often  occur  many  transparent  needles,  large  enough  t< 
seen  with  the  unaided  eye,  extending  backward  along  the 
rection  of  the  fibers  toward  the  center  of  radiation.  T' 
needles  are  broken  up  into  short  pieces  by  transverse  fracti 
They  all  taper  out  and  disappear,  the  longest  of  them  react 
no  further  than  the  middle  of  the  mass.  They  act  stronglj 
polarized  light  and  contain  some  inclusions.  These  lines 
not  occur  as  developed  crystals. 

Around  the  borders  of  many  amygdules  there  are  numei 
small  sphserolites.  They  have  probably  formed  around  g 
ules  of  various  foreign  substances  as  nuclei.  Their  size  is  snc 
to  the  naked  eye  they  look  like  mere  spots,  but  they  an 
numerous  as  to  form  an  envelop  almost  entirely  around 
radiated  concretions. 

A  mean  of  three  analyses  gave — 
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SiO, 46-020 

A1,0, 26-717 

Fe.O, ...   0-818 

CaO 9-400 

K,0 0-390 

Na,0 8-766 

H,0 12-800 

99-896 

Number  III, — As  before  stated  these  pebbles,  when  first  seen, 
were  supposed  by  us  to  be  worn  fragments  of  reniform  prehnite, 
so  common  in  several  localities  along  this  shore.  We  soon  found 
evidence  that  they  were  amygdules;  still  the  fact  that  they 
were  not  prehnite  was  not  suspected  until  their  specific  gravity 
had  been  determined  and  found  to  be  that  of  thomsonite, 
2*32  to  2-87.     Analysis  showed  them  to  contain — 

SiO. 40-606 

A1,0, 30-216 

FeO -40 

CaO 10-370 

K,0 ..  -49 

Na,0 4-066 

H,0 18-76 

99-886 

This  composition  allies  the  mineral  very  closely  to  thomson- 
ite, so  closely  that,  considered  alone,  there  appears  little  reason 
why  the  mineral  should  not  be  considered  as  a  variety;  but 
there  are  several  notable  reasons  why  a  specific  name  may 
properly  be  applied  to  this,  as  we  believe,  hitherto  undescribed 
mineral. 

These  pebbles  are  wholly  destitute  of  the  radiated  and  crys- 
talline character  of  other  forms  of  thomsonite.  Under  the 
microscope  the  texture  is  wholly  granular  so  that  the  crystal- 
line system  cannot  be  determined  ;  and  the  granules  are  so  fine 
and  so  compactly  arranged  in  many  specimens  that  they  can  be 
resolved  only  in  polarized  light.  Their  size,  however,  is  not 
uniform  in  the  same  pebble,  being  so  fine  in  some  places  that 
only  a  high  power  will  make  them  visible. 

SphaBrolites  are  also  frequent;  but  unlike  their  mode  of 
occurrence  in  the  thomsonites,  they  are  distributed  almost  at 
random  in  any  part  of  the  amygdules  containing  them ;  and 
{requently  some  foreign  material,  as  a  bit  of  copper,  is  a  nu- 
cleus.    The  sphaerolites  often  occur  in  groups ;   large  numbers 

are  crowded  and  heaped  together,  growing  into  and  overlap- 

SQgone  another,  like  the  tridy mite  scales  in  the  rhyolites  of 
exico  and  the  trachytes  of  the  Siebengebirge.  These  group- 
ings are  not  always  spherical;  sometimes  they  extend  in  long 
curving  lines  through  the  mass,  following  perhaps  a  trAcWte  ot 
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a  seam,  instead  of  being  collected  around  a  nucleus  as  a  sphaero- 
lita  They  show  parallel  green  fibers  meeting  along  a  median 
suture  and  correspond  in  their  manner  of  occurrence  to  ZirkeVs 
description  of  axiolites  in  the  rhyolites  of  the  40th  parallel.* 

The  amygdules  of  the  green  variety  rarely  exceed  in  size  a 
small  hickory  nut.  As  before  stated,  they  are  not  generally 
found  intermingled  in  the  rock  with  the  other  forms,  but  have 
special  localities — they  filling  nearly  all  the  amygdaloidal  cavi- 
ties within  a  given  limit,  whose  boundary  at  the  same  time  is 
not  sharply  defined.  Frequently  the  forms  of  Number  I  or  11 
are  enveloped  in  a  green  covering  of  considerable  thickness. 
Moreover,  the  amygdules  of  this  type  uniformly  contain  fer- 
rous oxide  in  small  but  varying  proportion  in  combination, 
whereas  in  Numbers  I  and  II  the  microscopic  sections  show 
the  ferric  oxide  to  be  segregated  in  minute  particles  or  patches 
mechanically  distributed  through  the  fibrous  mass ;  and  in 
many  amygdules  these  particles  can  be  seen  distinctly  even 
with  the  unaided  eye.  Nor  can  Numbers  I  and  11  be  considered 
as  altered  forms  of  Number  III,  as  the  condition  of  the  iron 
might  indicate.  No  araygdule  has  come  under  our  observation 
which  exhibited  a  nucleus  of  Number  IIL  surrounded  bv  Num- 
ber  I  or  11.  On  the  contrary,  we  have  quite  a  number  in 
which,  through  a  thin  translucent  shell  of  Number  III,  the  pink 
interior  can  be  discerned.  And  we  also  have  fragments,  and 
amygdules  have  been  cut,  which  show  the  external  crust  of 
Number  III  passing  toward  the  center  into  the  radiated  form  of 
Number  11 

In  determining  the  oxygen  ratio  for  Number  II,  the  silica 
appeared  to  be  too  high.  We  had  previously  suspected  the 
presence  of  free  silica  from  the  exceptional  hardness  of  all  of 
these  varieties.  As  the  microscope  showed  the  ferric  oxide  in 
every  case  to  be  free,  we  concluded  to  compute  the  percentages 
for  Number  II  to  40*45  per  cent  of  silica,  the  amount  found  in 
Number  I,  and  exclude  the  iron  oxides.  We  were  much  sur- 
prised at  the  results,  which  are  given  below  : 

I.  II.  III. 

SiO  40-46  40-45  40-606 

A1,0,  29-50  29-37  30-216 

CaO  10-75  10-43  10-37 

K,0  0-36  0-42  0-49 

NaO  4-76  4-28  4-05 

HO  13-93  13-93  13-76 


99-76  98-88  99-48 

Fe^O,  0-23  0-88         FeO     -40 


99-98  pr.  ct.      99-76  pr.  ct.      99-88  pr.  ct. 
♦  U.  S.  GeoL  Explor.  40th  Parallel,  vol.  vi,  p.  166  et  seq. 
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These  figures  prove  conclusively  that  we  were  dealing  with 
varieties  of  the  same  mineral.  On  comparing  these  percentages 
with  those  given  in  Dana,*  the  water  and  silica  were  found  to  be 
high. 

Computing  the  oxygen  ratios  and  formula  for  Number  III,  we 
have 

Per  cent.  Metal  Oxygen.  Atoms. 

FeU               0-40  0-3111  0-0889  0064 

K,0                0-49  0-4068  0-0832  -0052 

NaO             4-065  3-0118  1-0432  -0664 

CaO             10-37  7-4070  2-9630  -J  862 


4-1783  R.        -2622 

AlO,         30-216  16-1343  140807  '2933 

SiO,  40-605  18-949  21  666  676 

H,0  13-75  1-528  12-222  -765 

Dividing  the  oxygen  percentages  by  5,  we  have 

RO :  R.O, :  SiO, :  H,0=1 :  3 : 4 :  2J, 

which  is  the  ratio  for  thomsonite,  given  in  Dana's  Mineralogy, 
with  the  bases  low  and  the  silica  and  water  high.  Dividing  the 
atoms  by  "OOS  we  have  the  formula 

(f  (FcO+K.O+Na,0) +|CaO) A1.0.,  (SiO,).(H.O)., 

with  the  protoxide  bases  low,  and  the  silica  and  water  high.f 
Computing  the  ratios  after  Eammelsberg,  we  have  : 

(Na+K)  :  (Ca+Fe) : :  1 : 1-35 
(Ca+Fe):Al::  1:1-54 

(Ca+Fe+K+Na)=R :  Al :  Si : :  1-13 : 1 :  2-03 
Si :  H : :  1 : 2-26 

Rammelsberg  deduces  from  these  ratios  a  formula  which  he 
calls  a  half  silicate  (Halbsilicat),  according  to  the  expression 


{ 


m(2C&  AlSi,0,+5aq)  )  J 
n(2Na,AlSi,0.45aq)  J 


in  which  m  indicates  a  certain  proportion  of  a  hydrous  silicate 
of  aluminum  and  a  dyad  protoxide,  and  n  a  certain  proportion 
of  a  hydrous  silicate  of  aluminum  and  an  alkaline  or  monad 
protoxide.  The  ratio  between  m  and  n  varies  in  diflFerent 
specimens.  Number  I  and  Number  II,  without  the  excess  of 
silica,  approach  more  nearly  the  thomsonite  of  Elbogen  in  com- 

Eosition  (in  which  the  ratio  of  m  to  7/ =2 : 1)  than  any  mentioned 
y  Rammelsberg.  While  the  ratio  of  Si  to  H  is  about  the 
same  as  given  by  Rammelsberg,  the  percentage  of  both  in  these 
specimens  is  higher  than  in  the  analyses  quoted  by  him. 

*  System  of  Mineralogy,  fifth  edition,  p.  425.  f  5th  ed.,  p.  425. 

t  Baxmnelsberg  Min.  Chem.,  Ed.  1875,  p.  637. 
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We  conclude,  therefore,  that  this  mineral  contains  a  small  per- 
centage of  free  silica,  and  also  that  a  part  of  the  water  is  basia 
This  latter  opinion  is  strengthened  by  the  fact  that  about  12 
per  cent  of  the  water  escaped  at  a  dull  red  heat,  and  that  only 
prolonged  heating  in  a  platinum  crucible  for  several  hours 
would  expel  the  last  1*76  per  cent.  At  least  six  determinations 
of  the  water  were  made  in  this  variety,  with  the  same  result. 

The  percentages  of  Numbers  I  and  II  are  so  near  that  of 
Number  III  that  no  material  difference  can  exist  in  their  form- 
ulfiB.  While  recognizing  this  fact  as  respects  the  chemical  con- 
stitution of  these  minerals,  the  great  diflference  in  their  phys- 
ical structure  leads  us  to  regard  Number  III  as  a  distinct  and 
well  marked  variety  of  thomsonite,  if  not  a  distinct  species. 
We  have  therefore  given  it  the  name  Lintonite,  in  honor  of 
Miss  Laura  A.  Linton,  a  recent  student  and  graduate  of  this 
University,  to  whose  patient  eflTort  and  skill  we  are  indebted 
for  the  analyses  given  in  this  paper. 

Universitj  of  Minnesota,  Nov.  20,  1879. 


Art.  XVI. — Elements  of  the  Planet  Dido  ;  by  Professor  C.  BL  F. 
Pe  ers.  (From  a  communication  to  the  Editors,  dat«d 
Litchfield  Observatory  of  Hamilton  College,  Clinton,  N.  Y., 
January  4,  1880.) 

For  the  planet  Dido  (209),  I  have  derived  from  observations 
of  October  25,  November  15  and  December  7,  the  following 
elements: 


:  1880, 

January  0  0,  Berlin  m.  t. 

M  = 

2or 

66' 

40'-3 

TT  = 

196 

41 

13-6 

ft    = 

1 

21 

41-3 

• 

t  = 

1 

3 

90 

0  = 

1 

18 

38-3 

/^  = 

629' 

122 

log  a  = 

0-600848, 

which  represent  an  observation  obtained  on  January  1,  when 
it  was  still  very  near.  The  small  eccentricity  of  the  orbit  is 
remarkable.  In  consequence  of  this,  there  remains  consider- 
able uncertainty  as  to  the  longitude  of  perihelion  and  the  mean 
anomaly,  but  not  as  to  their  sum  M+;r=L,  the  mean  longitude 
in  orbit 
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Abt.  XVn. — Analyses  of  some  American  Tanialates;  by  W.  J. 
CoMSTOCE.  (Contributions  from  the  Laboratory  of  tne  Shef- 
field Scientific  School,  No.  LVIL) 

The  following  paper  contains  analyses  of  three  American 
tantalates  which  have  not  been  previously  investigated,  and 
which  offer  some  points  of  especial  interest. 

No.  I  was  collected  by  the  late  Professor  F.  H.  Bradley,  in 
Yancey  county,  N.  C. ;  its  precise  locality  is  unknown.  The 
specimen  analyzed  was  from  a  massive  piece,  a  few  ounces  in 
weight     Specific  gravity  =  6*88. 


I. 

IL 

Mean. 

Ratios. 

Ta,0. 

60*60 

59*36 

69-92 

•0882  [  *^^^^ 

2ffb,0. 

2302 

24-24 

23-63 

FeO 

12-90 

12*82 

12-86 

-1786  j 

ICnO 

3-09 

303 

306 

-0431  \  -2302 

MgO 

0*35 

0-32 

0-34 

•0085  ) 

Total  99-86  99-76  99-81 

B,0.  :  RO  =  1  :  103  and  Nl)aOft  :  TaaO*  =  1 :  1-63  or  nearly  2  :  3. 

No.  II  was  from  Northfield,  Mass.  The  portion  analyzed  was 
a  fragment  of  a  large  crystal,  which  had  the  habit  and  angles 
of  ordinary  columbite.  It  was  placed  in  my  hands  by  Profes- 
sor Brush.     Specific  gravity  =6*84. 

I.  n.  Mean.  Batioa. 

TaaOa  67-23  66-67  6690  1281  I  „«^. 

NbjOft  26-62  27-01  2681  1000  j"  ^^^^ 

FeO  10-1 1  9-98  1006  1397  [  .„«„- 

MnO  6-92  6-85  6-88  -0828  \  ^^^^ 


Total,  99-88  9941  9964 

RaOft  :  RO  =  1025  :  1  and  NbaOft  :  Ta^Oft  =  4  :  61. 

No.  Ill  was  from  Branchville,  Conn.  Its  occurrence  was 
described  by  Messrs.  Brush  and  Dana,*  and  the  specimen  anal- 
yzed was  given  to  me  by  them.  Only  a  small  quantity  of  the 
mineral  was  found  at  the  locality,  and  enough  for  one  analysis 
was  all  that  could  be  obtained  pure.  Its  powder  was  brownish- 
gray,  and  in  thin  fragments  it  was  slightly  translucent  Spe- 
cific gravity  =  6*59. 

BatloB. 
Taa0»  52-29  1175 

NbaOft  3016  1126 

MnO  15-68  -2194) 

FeO  0-43  -0059  J. -2319 

CaO  0-37  0066 ) 


[  -2301 


Total,  98-83 

R,0»  :  RO  =  1 :  1007  and  NbgO*  :  Ta>06  =  1 :  1*04. 

Tantalic  and   niobic  acids  were  separated  by  Marignac's 
inethodjf  in  the  application  of  which  I  have  received  all  neces- 

*Thifl  Journal,  July,  1878,  p.  34.     The  specific  gravity,  by  a  typographical 
^r,  as  I  am  informed,  ia  there  given  6*6  instead  of  6*6. 
t  Ardiives  des  Sd  Phya.  et  Nat,  Joil,  1866, 


182  W.  J.  Oomatock — Analyses  of  some  American  TaniaJates, 

sary  aid  from  Professor  O.  D.  Allea.  In  other  respects  the 
methods  recommended  by  H.  Rose  were  followed.  The  ordi- 
nary methods  of  testing  for  and  separating  tin,  tungsten  and 
titanium  were  applied  in  each  case,  with  negative  results. 

The  relation  between  the  specific  gravities  of  columbites  and 
tantalites  and  the  percentage  of  tantalic  acid,  shown  by  Marig- 
nac,  holds  good  in  these  examples  also,  as  will  be  seen  by  a 
comparison  with  the  numbers  given  in  Marignac's  table.* 

Sp.  gr.  TasOft. 

1.  Oolumbite,  Greenland, 5'36  3*3  jf 

2.  "  Acworth,  N.  H., 6-65  16-8 

3.  "  La  Valate,  near  Limoges, .  5*70  13*8 

4.  "  BodenmaiB,  (iWdnite), 5-74  13*4 

6.  "  Haddam,  Conn., 6-86  10-(?) 

6.  "         Bodenmais, 6*92  27*1 

7.  "  Haddam, 606  304 

8.  .      "  Bodenmaifl, 6*06  35-4 

9.  "  Haddam, 6*13  31-6 

10.  Tantalite,     703  65*6 

To  which  are  here  added — 

Sp.  gr.  Ta«0». 

Yancey  Co,  N.  C, 6*88  69-92 

Northfleld,  Mass., 6-84  56*90 

Branchville,  Conn., 6*69  62*29 

These  all  agree  with  the  formula  (Fe,Mn)(Ta,Nb),0,. 

Since  tantalum  and  niobium  appear  capable  of  replacing 
each  other  in  all  proportions  in  columbites  and  tantalites,  Ram- 
melsbergf  has  suggested  that  when  the  number  of  tantalum 
atoms  exceeds  that  of  the  niobium  atoms,  the  mineral  should 
be  called  tantalite,  and  when  the  number  of  niobium  atoms 
exceeds  that  of  the  tantalum,  the  mineral  should  be  called  co- 
lumbite  (Rammelsberg  uses  mobite).  According  to  this  method 
of  classification,  the  Yancey  county  and  Northfleld  minerals 
would  bo  called  tantalite,  although  the  latter  in  form  is  not  to 
be  distinguished  from  columbite.  The  manganese  niobo-tantal- 
ate  from  Branchville,  however,  has  the  ratio  Nb  :  Ta  =  i  :  1 
(very  nearly),  a  coincidence  which  we  might  reasonably  have 
supposed  possible.  The  almost  complete  displacement  of  iron 
by  manganese  is  also  an  interesting  peculiarity  of  the  Branch- 
ville mineral,  and  is  doubtless  the  cause  of  its  slight  trans- 
lucency  and  the  light  color  of  its  powder. 

It  is  perhaps  of  interest  to  add  here  that  a  mineral  of  this 
group  from  Utd,  Sweden,  containing  85'5  per  cent  of  tantalic 
and  niobic  acids  and  9*5  per  cent  of  manganese  protoxide 
(8*6  FeO),  has  been  called  mangantantalite  by  Nordenskiold.:^ 

♦  Given  in  his  paper  first  referred  to,  in  which  he  explains  the  variations  from 
a  regular  progression,  which  are  seen  in  the  table. 

f  Mineral  Chemie,  2d  edition,  1875,  p.  356.       %  Zeitsch.  Kryst.,  i,  p.  386,  1877. 
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Art.  XVilL — On  a  Method  of  Studying  the  Reflexion  of  Sound- 
Waves:  by  0.  N.  Rood,  Professor  of  Physics  in  Columbia 
College. 

It  has  been  the  custom  for  several  years  to  introduce  in  cer- 
tain forms  of  the  melodeon  a  revolving  fan  for  the  purpose  of 
obtaining  rapid  alternations  in  the  intensity  of  the  notes.  This 
arrangement  is  called  a  "  tremolo,"  and  its  action  was  consid- 
ered by  its  inventor  and  by  those  interested  in  it  to  depend  on 
the  currents  of  air  produced  by  the  motion  of  the  fan.  An 
examination  of  the  apparatus  soon  convinced  me  that  this  idea 
was  erroneous,  and  that  the  alternations  in  the  loudness  of  the 
sound  was  due  to  reflexion  or  non-reflexion  from  the  face 
of  the  revolving  fan,  for  I  found  that  the  same  eflects  could  be 
produced  by  the  aid  of  a  circular  disc  consisting  of  open  and 
closed  sectors  and  revolving  in  its  own  plane.  A  disc  of  this 
kind  constitutes  a  useful  piece  of  apparatus  for  studying  the 
reflexion  of  sound-waves,  and  some  results  obtained  with  it 
were  communicated  by  me  to  the  National  Academy  of  Sci- 
enpes,  as  long  ago  as  October,  1876. 

As  no  account  of  these  experiments  has  ever  been  published, 
a  short  description  of  them  may  not  be  without  interest  to  those 
engaged  in  experimental  researches  on  sound,  as  with  their  aid 
the  following  facts  may  be  easily  demonstrated: 

1^^.  At  a  perpendicular  incidence  the  short  sound-waves  are  more 
copiously  reflected  than  those  that  are  longer^  and  the  regular  reflex- 
ion is  more  copious  from  large  than  from  small  surfaces. 

The  diameter  of  the  zinc  disc  was  in  the  first  set  of  experi- 
ments 21  inches  =53*3  centimeters ;  alternate  quadrants  were  re- 
moved, and  the  rate  of  rotation  varied  from  two  to  four  turns  in 
a  second.  The  tuning-forks  were  mounted  on  their  resonance 
boxes  and  gradually  removed  away  from  the  revolving  disc  till 
the  alternations  could  no  longer  be  distinguished  by  the  ear 
placed  near  the  fork.  The  results  are  given  in  the  table  below, 
m  which  "distance"  indicates  that  of  the  open  end  of  the  tun- 
ing-fork from  the  disc : 

Diameter  of  disc  21  inches. 

Ut,  fork;  alternations  heard  at  13       "      distance. 
Ut,    "  "  "       20       "  " 

Ut.    "  "  "       96       **  " 


'» 


When  the  same  experiments  were  made  with  a  disc  having  a 
diameter  of  only  8J  inches  or  21*5  centimeters,  it  was  found 
necessary  to  bring  the  forks  much  nearer  to  the  disc  before  the 
alternations  could  be  perceived. 
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Diameter  of  disc  8^  inches. 

Ut,  fork ;  alternations  heard  at  2        *^      distance. 
Ut,    "               "  "       3        "  " 

Ut!    "  **  "       6        "  " 

6 

2d.  When  the  sound-waves  fall  upon  small  flat  surfaces  at  an 
acute  angle,  the  reflexion  is  most  copious  in  the  same  direction  as 
tvith  light,  but  the  reflected  and  inflected  waves  can  be  traced  aU 
around  the  semicircle. 

Experiments  on  this  point  were  made  in  the  open  air,  the 
larger  disc  being  used  with  angles  of  60**  and  70°  (from  the  per- 
pendicular); the  Ut^  and  Ut,  forks  were  employed. 

The  regularly  reflected  waves  could  be  heard  at  a  distance  of 
ten  or  twenty  feet  from  the  disc,  the  fork  being  held  a  foot  or 
two  from  it ;  inflected  waves  were  easily  distinguishable  all 
around  the  disc  and  even  a  few  feet  behind  the  fork. 

When  the  forks  were  placed  in  the  plane  of  the  disc  the  alter- 
nations of  loudness  were  reduced  to  a  minimum,  but  in  the 
open  air  and  in  a  room  never  wholly  disappeared.  This  I  sup- 
pose to  be  owing  to  the  fact  that  the  source  of  sound  is  not  a 
point  but  a  surfaca  Even  under  these  circumstances,  feeble 
alternations  were  heard  all  around  the  disc,  the  inflected  waves 
actually  returning  to  their  source.  With  a  plain  disc  alterna- 
tions were  not  perceived. 

8c?.  Qualitative  comparisons  between  the  power  of  different  sub- 
stances  to  reflect  sound  can  easily  be  made. 

For  example,  a  disc  of  card-board  in  which  filter  paper  is 
fastened  over  the  open  sectors  gives  alternations,  owing  to  the 
difference  of  the  reflective  powers  of  the  two  substances. 

ith.  If  a  composite  sound-wave  falls  on  the  rotating  disc  the 
shorter  waves  unll  undergo  regular  reflexion  more  copiously  than 
the  other  components. 

This  experiment  is  most  easily  made  with  a  reed  without  its 
pipe.  Ut,,  Ut^,  Ut,  reeds  give  alternations  but  mainly  in  their 
high  overtones ;  the  alternations  consequently  have  a  ringing 
metallic  sound. 

5ih,  Tfie  reflexion  of  sound  from  very  small  surfaces  is  easily 
demonstrated. 

If  an  Ut,  or  Ut^  reed  without  its  pipe  be  employed,  alterna- 
tions are  easily  obtained  by  moving  a  visiting  card  properly 
near  the  reed.  By  substituting  a  gas-flame  for  the  card  the 
reflexion  from  the  flame  can  be  demonstrated.  The  gas-burner 
should  be  attached  to  a  long  slender  rod. 

Almost  all  of  these  experiments  are  so  easily  performed  as  to 
be  suitable  for  lecture-room  purposes. 


O.  N.  Rood — Indigo  in  the  SpedrunL  186 


Art.  "^TX. — On  Newton's  use  of  the  term  Indigo  with  reference 
to  a  Oolor  of  the  Spectrum ;  by  Professor  O.  N.  BooD,  of 
Colombia  CJoUege. 

The  coloring  matter  known  as  indigo  has  a  dingy,  dark  blue 
oolor,  wbicb  scarcely  qualifies  it  to  rank  as  a  representative  of 
one  of  the  pure  brilliant  colors  of  the  spectrum.  Von  Bezold 
has  already  objected  to  its  use  on  account  of  the  darkness  of  the 
tint,  but  in  the  present  paper  I  propose  to  show  that  in  another 
and  more  important  respect  it  is  equally  inapplicable.  New- 
ton intended  to  designate  by  it  the  color  of  tnat  part  of  the 
spectrum  which  is  situated  between  the  blue  and  violet; 
indigo,  however,  is  really  a  representative,  though  a  poor  one, 
of  an  entirely  di£ferent  region  of  the  spectrum,  as  will  be  shown 
by  the  following  considerations. 

Experiments  were  first  made  with  three  difierent  samples  of 
indigo  in  order  to  see  whether  important  differences  in  hue 
existed  when  the  substance  was  prepared  by  different  persons. 
One  of  the  best  methods  of  studying  the  hue  of  a  colored  sur- 
face is  to  ascertain  the  nature  and  amount  of  the  colored  light 
which  is  complementary  to  it  Discs  of  card  board  were 
accordingly  painted  with  indigo  as  a  water-color  pigment  and 
these  were  combined  by  MaxwelFs  method  witn  two  discs 
painted  with  chrome  yellow  and  vermilion,  and  neutralization 
effected  by  rapid  rotation. 

Indigo  as  a  water-color  pigment  (prepared  by  Winsor  and 
Newton). 

Batio  of  red  and  yellow  necessary  to  neutralize  it. 

Chrome-yellow,     67.  Vermilion,     33. 

Indigo  as  a  water-color  pigment  (prepared  by  Barnard). 

Chrome-yellow,     65.  Vermilion,     36. 

Dry  commercial  indigo  was  then  rubbed  on  white  drawing 
paper,  and  gave  a  result  similar  to  those  just  detailed ;  the 
ratio  was : 

Chrome-yellow,    62.  Vermilion,    38. 

In  the  dry  state  the  color  was  then  a  little  more  greenish, 
a  slightly  larger  quantity  of  the  vermilion  being  required;  the 
ihree  experiments,  however,  substantially  agree. 

A  solution  of  commercial  indigo  in  water  was  also  compared 
with  the  discs,  and  seemed  to  agree  well  with  them. 

Instead  of  comparing  one  of  the  dingy  indigo  discs  directly 
with  the  brilliant-colored  spaces  of  the  spectrum,  I  made  an 
accurate  comparison  of  its  color  with  that  of  a  disc  painted 
with  Prussian  blue,  reserving  the  latter  for  direct  comparison 
^ith  the  spectrum. 
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The  "Winsor  and  Newton  disc  which  the  previous  experi- 
ment had  proved  to  be  the  least  greenish  in  hue,  was  now  com- 
bined with  one  of  vermilion  and  emerald  green,  and  the  fol- 
lowing equation  obtained : 

I  61-4+V  29-hG  19-6  =82-8  white.  A  disc  of  Prussian  blue 
similarly  treated  gave  Rb.  89-9-hV  85-7+G  24-4:  =274  white: 

These  equations  prove  that  the  hue  of  the  indigo  and  Prus- 
sian blue  aiscs  were  identical,  for  the  ratio  of  the  red  and  green 
required  to  effect  neutralization  is  the  same,  being  in  the  case 
of  the  indigo,  59'7  vermilion  to  40'8  emerald  green;  in  that  of 
the  Prussian  blue,  594  vermilion  to  40*6  emerald  green. 

The  position  of  the  Prussian  blue  disc  in  the  normal  spec- 
trum was  now  determined  with  the  aid  of  a  large  spectrometer, 
the  eye-piece  being  provided  with  a  slit  which  excluded  all 
except  a  narrow  slice  of  the  spectrum.  Such  determinations 
can  be  made  by  a  practiced  eye  with  considerable  certainty,  as 
I  propose  to  show  at  some  future  time.  It  was  found  that  in 
a  normal  spectrum  including  from  A  to  H  1000  parts  the  posi- 
tion of  Prussian  blue  was  at  a  distance  from  A  equal  to  740  of 
these  parts.  Now  according  to  my  observations  on  this  spec- 
trum, blue-green  ends  and  cyan-blue  begins  at  698 ;  also  cyan- 
blue  ends  and  blue  begins  at  749 ;  hence  the  color  of  Prussian 
blue  falls  in  the  cyan-blue  space  near  the  beginning  of  the  blue, 
and  to  this  same  position  we  must  consequently  refer  the  color 
of  indigo. 

It  afterwards  occurred  to  me  that  possibly  Newton  might 
have  used  the  indigo  in  the  dry  lump,  and  accordingly  I  pre- 
pared a  flat  surface  of  dry  commercial  indigo  and  compared  it 
carefully  with  the  blue  furnished  by  genuine  and  artificial 
ultramarine,  its  color  being  of  course  enormously  darker,  or 
one  might  say,  blacker  than  that  of  either  of  these  substancea 
A  mixture  by  rotation  of  six  parts  of  artificial  ultramarine  blue 
with  two  parts  white  and  ninety-two  parts  black  gives  a  color 
more  or  less  like  that  of  commercial  indigo  in  the  dry  cake: 
that  is  to  say,  if  a  freshly  fractured  surface  of  indigo  be  com- 
pared with  the  compound  disc  just  mentioned,  the  color  of  the 
indigo  will  be  found  somewhat  too  greenish ;  but  on  the  other 
hand,  if  a  scraped  surface  of  the  dry  cake  is  used  it  will  be  too 
purplish.  Newton  therefore  probably  employed  his  indigo  in 
the  dry  state. 

I  give  below,  according  to  my  determinations,  the  positions 
and  corresponding  wave-lengths  of  indigo,  Prussian  blue,  cobalt- 
blue,  genuine  ultramarine-blue  and  artificial  ultramarine-blae, 
in  a  normal  spectrum  having  from  A  to  H  lOOO  parts. 


A.  E,  VerrtU — Marine  Fauna  of  North  America,        187 

Position  in  Waye-length 

normal  spectrum.  in  roWinrinj"*"- 

Sl£'^?'     . ,        \  740  4800 

ProBSian  blue, ) 

Cobalt-blue,  110  4700 

UltramariDe  ^genuine),  785  4735 

Ultramarine  (artificial),  857  4472 

It  bas  been  sbown  then, 

Ist  That  the  color  of  indigo  is  really  a  greenish  blue  when 
it  is  used  as  a  pigment  or  in  solution. 

2d.  The  color  of  the  dry  cake  is  not  only  very  black,  but 
variable  according  to  the  mode  in  which  it  is  handled. 

Taking  all  this  into  consideration,  it  would  appear  desirable 
to  allow  the  term  indigo  to  fall  into  disuse,  ana  to  substitute 
for  it  ultramarine,  the  color  of  the  artificial  variety  being 
intended. 


Art.  XIX. — Notice  of  recent  Additions  to  the  Marine  Fauna  of 
the  Eastern  Coast  of  North.  America,  No.  8 ;  by  A.  E.  Verrill. 
Brief  Contributions  to  Zoology  from  the  Museum  of  Yale  College. 
No.  XLV. 

Cephalopoda. 
Octopus  obesus,  sp.  nov. 

Male,  remarkable  for  the  great  size  of  the  spoon-shaped 
organ  of  the  right  arm  of  the  third  pair.  Body  relatively  large, 
stout,  oblong-oval,  somewhat  flattened  above,  obtusely  rounded 
at  the  posterior  end ;  soft  and  somewhat  gelatinous  in  texture ; 
8kin,  so  far  as  preserved,  smooth,  soft.  No  cirrus  exists  above 
the  eye,  in  our  specimen,  but  the  skin  is  not  well  preserved  in 
that  region.  Eyes  very  large.  Arms  moderately  long,  the 
dorsal  longest,  others  successively  shorter ;  all  somewhat  later- 
ally compressed  at  base,  tapering  to  long,  slender  tips ;  a  mod- 
erately developed  web  connects  them  together  at  base.  The 
hectocotylized  arm  (third  of  right  side),  bears  at  the  end  a  very 
large,  broad  and  thick,  but  not  very  deep,  spoon-like  organ ;  its 
inner  surface  is  crossed  by  eleven  oblique,  thick,  rounded  folds 
or  ribs,  ten  of  them  converging  backward  to  the  median  line 
and  at  their  outer  ends  joining  a  marginal  thickening;  the 
distal  end  terminates  in  a  median  pointed  lobe,  with  a  thin, 
rounded,  lateral  lobe  each  side  of  it;  the  proximal  border  is 
formed  by  the  last  (eleventh)  fold,  which  is  V-shaped,  with 
the  apex  pointing  distally.  A  broad  thin  marginal  membrane 
extends  along  the  lower  side  of  the  arm,  from  the  terminal  organ 
to  the  base.     The  suckers  have  been  partly  detached  from  this 

'^rm.    Suckers  of  all  the  arms  moderately  large,  nearly  globular 
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in  form,  rather  numerous ;  the  first  six  to  ten  from  the  base  are 
nearly  in  one  line,  except  on  the  left  arm  of  second  pair,  and 
appear  to  form  only  a  single  row;  in  this  part  the  inner  face 
oi  the  arm  is  narrow,  and  most  so  on  the  right  arm  of  the  sec- 
ond pair,  and  least  on  the  left  of  the  same  pair ;  farther  out  this 
face  oecomes  broader  and  the  suckers  are  m  two  distinct  rows ; 
they  are  destroyed  on  the  distal  portion  of  all  the  arms.  Color 
of  body  and  arms  mostly  destroyed,  but  so  far  as  preserved, 
pale  pinkish,  more  or  less  thickly  speckled  with  distinct  reddish 
ijrown  spots,  most  conspicuous  at  the  bases  of  the  arms  and 
above  the  eyes  (elsewhere  the  color  is  probably  not  so  well  pre- 
served). Length  of  body,  from  posterior  end  to  base  of  arms, 
82"^ ;  to  center  of  eye,  72°^ ;  to  edge  of  mantle,  beneath,  49^ ; 
to  tip  of  right  dorsal  arm,  213°^  :  left,  198;  to  tips  of  second 
pair,  200  ;  to  tip  of  right  arm  of  third  pair,  173  ;  of  left,  197; 
to  tip  of  ri^ht  of  fourth  pair,  187 ;  of  left,  178 ;  to  edge  of  web, 
110;  breadth  of  body,  in  middle,  46;  breadth  of  head,  across 
eyes,  38;  breadth  of  dorsal  arms,  at  base,  8"";  diameter  of 
largest  suckers,  3°*°*;  length  of*  spoon-shaped  end  •of  right  arm 
of  third  pair  (hectocotylized),  35 ;  breadth,  16 ;  length  of  rest 
of  arm,  to  mouth,  65°*°*. 

Taken  from  the  stomach  of  a  halibut,  36  miles  east  from  the 
N.  E.  Light  of  Sable  Island,  in  160  to  300  fathoms,  by  Charles 
Ruckley,  of  the  schooner  '*  H.  A.  Duncan,"  and  presented  by 
him  to  the  TJ.  S.  Fish  Commission,  1879. 

This  species  differs  from  Octopus  Bairdii  V.,*  and  0.  piscaio- 
rum  v.,  from  the  same  region,  in  its  longer  and  larger  body,  and 
especially  in  having  the  basal  suckers  in  a  single  row.  The 
*  spoon'  of  the  hectocotylized  arm  is  much  larger  than  in  0, 
OronlandicuSj  and  larger  and  flatter  than  in  0.  Bairdii, 

Octopus  leyitua^  sp.  nov. 

Female,  body  broad,  stout,  depressed,  slightly  emarginate  at 
the  posterior  end,  soft  to  the  touch  and  somewhat  gelatinous  in 
appearance ;  a  thin,  soft,  free,  marginal  membrane  runs  along 
the  sides  and  around  the  posterior  end  of  the  body,  becoming 
widest  (about  12°^)  posteriorly.  Head  large,  broad,  depressed, 
with  the  eyes  lar;^e  and  far  apart :  above  each  eye  there  is  a 
small,  simple,  conical,  acute  cirrus.  A  well-developed,  thin 
web  connects  the  arms,  considerably  above  their  bases,  and  then 

*  Althoujrh  only  males  of  this  species  were  originally  described,  we  have  since 
taken  lar^e  numbers  of  both  males  and  females.  The  sexes  differ  but  sli^tlr, 
except  in  the  hectocotyli/.ed  arm  of  the  mule.  The  sexes  apparently  do  not  differ 
to  any  great  extent  in  size.  A  second  female  specimen  of  0.  piscntoruni  V.  has 
also  been  received.  It  was  taken  bv  Capt.  David  Campbell  and  crew,  of  the  ach. 
"Admiral,"  on  the  Grand  Bank,  X.  fat.  44'  07^  \V.  long.  52''  40',  in  200  fathoms, 
December,  1879.  It  is  uenrest  allied  to  0.  Gronlajuiicua,  (of  which  the  malea, 
alone,  are  known  to  me)  and  may  prove  to  be  only  the  female  of  the  latter. 
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ans  up  to  the  tips  as  a  broad  margin  to  each  arm.  The  arms 
re  rather  large,  stout  at  base,  with  broad  inner  face,  gradually 
ipering  to  very  slender  tips ;  the  first  and  third  pairs  are 
early  equal  in  length;  those  of  the  second  are  also  about 
:]ual  in  length  to  the  fourth  pair,  but  are  somewhat  shorter 
lao  the  first  and  third.  The  arms  on  the  right  side  are  all 
>mewhat  longer  than  the  corresponding  ones  on  the  left  The 
rms,  measuring  from  the  beak,  are  more  than  twice  as  long 
3  the  body.  The  suckers  are  arranged  in  two  distinct  rows, 
>  the  base.  Color  of  head  and  body,  above,  and  of  body,  be- 
eath,  deep  reddish-brown,  closely  specked  with  darker  brown, 
ad  with  many  small  roundish  spots  of  whitish  on  the  body 
nd  arms. 

Length,  beak  to  end  of  body,  not  including  marginal  web, 
0^" ;  breadth  of  web,  22"^ ;  length  of  longest  arms  of  riffht 
ide,  1-12™° ;  total  length,  194™^ ;  breadth  of  body,  40™ ;  breadth 
f  head,  across  eyes,  32™™ ;  of  eye-openings,  10™ ;  of  eye-balls, 
7"™ ;  length  of  mantle,  beneath,  38™™ ;  length  of  first  pair  of 
rms,  112  and  106™™;  of  second  pair,  103  and  96™™;  of  third 
air,  112  and  106™™;  of  fourth  pair,  94  and  97™™;  breadth  of 
iiose  of  the  three  upper  pairs,  8™™ ;  of  the  ventral  pair,  7™™. 
^aken  oflF  Nova  Scotia,  near  Le  Have  Bank,  in  120  fathoms, 
y  Captain  Samuel  Peeples  and  crew  of  the  schooner  "  M.  H. 
^erkins,"  and  presented  to  the  U.  S.  Fish  Commission. 

In  the  soft  consistency  of  the  flesh  and  skin  this  species 
Bserables  the  preceding.  The  shorter  and  posteriorly  emar- 
inate  body,  and  especially  the  great  difference  in  the  arrange- 
lent  of  the  suckers,  render  it  very  improbable  that  it  is  the 
3male  of  that  species. 

ECHINODBRMATA. 

irisinga  Americana^  sp.  nov. 

A.  large  and  very  showy  species  with  fifteen  to  twenty  long 
nd  very  spinose  rays,  which  are  high  and  much  compressed 
iterally  near  the  base,  but  farther  out  become  depressed  and 
aper  gradually  to  the  slender  ends.  In  our  specimen  the  disk 
i  gona  Fifteen  detached  arms  remain  ;  some  of  them  entire, 
lut  mostly  broken,  probably  by  the  spontaneous  contractions 
f  the  creature  when  taken.  According  to  the  statement  of 
he  captors  it  had  twenty  rays,  originally.  The  longest  rays, 
8  preserved  in  strong  alcohol,  are  353™™  (14  inches)  long ; 
reatest  height  (about  1*6  inches  from  base)  32™™  (1*26  inches), 
ot  including  spines ;  transverse  diameter  at  same  place,  16  to 
9™"  ('65  to  '75  inch) ;  transverse  diameter  at  about  the  middle, 
xclusive  of  spines,  10  to  12™™  ;  height,  7™™.  The  adambula- 
ral  plates  bear  a  simple  row  of  slender,  acute  spines,  one  to 
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each  plate ;  they  are  comparatively  short  near  the  base  of  the 
arms,  but  soon  become  much  longer  and  more  slender,  and  so 
continue  to  near  the  end.  Just  outside  of  these,  on  each  side, 
along  most  of  the  arm,  there  are  transverse  clusters  of  four  or 
five,  very  long,  slender,  acute,  divergent  spines,  borne  upon 
transverse  prominent  lateral  })lates,  one  of  which  occurs  oppo- 
site about  every  fourth  adambulacral  plate ;  toward  the  base 
of  the  arms  these  clusters  become  gradually  reduced,  both  in 
number  and  length  of  the  spines,  till  two  small  ones  remain,  and 
finally  only  one  ;  and  still  nearer  the  base,  for  about  an  inch, 
this  disappears  also,  leaving  the  broad  side,  close  to  the  swollen 
base  naked  of  spines,  except  dorsally ;  the  elevated  basal 
region,  except  close  to  base,  is  crossed  oy  series  of  transverse 
lateral  and  dorsal  plates,  in  line  with  those  described,  and 
forming  prominent  ridges,  which  bear  long,  slender,  sharp 
spines,  in  simple,  transverse  series ;  between  these  ribs  the 
skin  is  naked  and  there  are  numerous  slender  scattered  papulae. 
The  transverse  rows  of  dorsal  spines  continue  to  or  beyond  the 
elevated  region  of  the  ray  (nearly  one-third  of  the  length); 
beyond  this  the  dorsal  surface  is  covered  with  low,  granular 
verrucsB,  to  the  end.  All  the  spines  are  enclosed,  when  perfect 
by  a  loose,  bag  like  membrane,  extending  beyond  their  tips,  and 
covered  with  minute  {jedicellarisB,  granule-like  in  size  and  ap- 
pearance, like  those  of  the  dorsal  verrucae.  The  ambulacra! 
suckers  are  large  and  form  two  regular  rows.  Eyes,  in  alcohol, 
yellowish,  well-developed.  Length  of  adambulacral  spines,  at 
base  of  arm,  5™™ ;  in  middle  of  arm,  8°*°* ;  length  of  longest 
lateral  spines,  along  middle  of  arm,  12  to  14™°^ ;  including  the 
sac,  16°*°*.  Color,  pale  orange-red,  in  alcohol,  when  first  re 
ceived,  soon  fading  to  whitish  ;  when  living  probably  bright  red. 

Taken  off  Nova  Scotia,  on  the  western  part  of  Banqucreau, 
in  175  fathoms,  by  Captain  Samuel  Peeples  and  crew,  of  the 
schooner  '^  Addison  Center,"  and  presented  to  the  U.  S.  Fish 
Commission. 

This  species  is  related  to  B,  coronata  G.  O.  Sars,  but  it  has 
much  larger  and  stouter  arms,  and  much  larger  adambulacral 
spines,  and  more  numerous  lateral  and  dorsal  onea  Our  speci- 
men was  found  clinging  to  the  branches  of  Paragorgia  arborea. 
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Abt.  XX.— TAc  Electric  Light ;  by  F.  E.  Nipher. 

In  the  Philosophical  Magazine  for  January,  1879,  p.  80,  Mr. 
W.  H.  Preece  gives  a  discussion,  in  which  he  shows  the  condi- 
tion to  be  supplied  in  electric  lighting,  in  order  to  obtain  a 
maximum  e£fect  In  eq.  2,  p.  31,  he  gives  for  the  heat  dis- 
tributed to  the  incandescent  material, 

{R  +  r  +  iy 

where  p  represents  the  battery  resistance,  and  r  and  /  represent 
the  resistances  of  the  connecting  wires   and   an  incandescent 
lamp,  respectively. 
For  n  lamps  joined  up  in  series,  we  must  substitute  nl  for  Z, 

while  if  joined  in  multiple  arc,  we  must  put  —  for  /.     In  either 

ease,  the  value  of  H  is  found  to  be  a  maximum,  when  the  re- 
sistance of  the  lamp  system  is  equal  to  that  of  the  rest  of  the 
circuit 

Mr.  Preece  then  proceeds  on  the  assumption  that  this  condi- 
tion cannot  be  complied  with,  if  n  is  large,  reaching  the  conclu- 
sion that  the  amount  of  heat  liberated  in  each  lamp,  varies  in- 
versely as  the  square  of  the  number  of  lamps.  This  is  true  in 
either  of  the  two  cases  discussed  by  him. 

If,  however,  we  have  n  lamps,  arranged  in  n'  parallel  circuits, 
in  each  of  which  we  have  n''  lamps,  the  previous  equation  be- 
comes 

H"'= ~ 


n" 


fit 

With  this  arrangement  it  is  always  possible  to  supply  the 
condition  which  makes  H'"  a  maximum,  entirely  irrespective  of 
the  value  of  n.     If 

n 
we  shall  have 


or  the  total  heat  in  n  lamps  is  independent  of  the  number  of 
lamps. 

The  heat  generated  in  each  lamp  will  then  vary  inversely  as 
the  number  of  lamps. 

St  Louis,  Dec.  30,  1879. 


/ 
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SCIENTIFIC    INTELLIGENCE. 

I.  Physics  and  Chemistry. 

1.  Why  the  air  at  the  Equator  is  not  hotter  in  January  th<m 
ill  July;  by  Jamss  Croll. — The  following,  I  think,  is  the  explana- 
tion of  the  difficulty  why  the  January  temperature  at  the  equator 
when  the  earth  is  in  perihelion  is  not  much  higher  than  in  July 
when  in  a{)helion.  The  difficulty  is  more  apparent  than  real,  for 
if  we  examine  the  indirect  results  which  follow  from  the  present 
distribution  of  land  and  water,  we  shall  see  that  there  is  no  rea- 
son whatever  why  the  air  at  the  equator  should  be  hotter  in 
January  than  in  July. 

It  is  well  known  that,  notwithstanding  the  nearness  of  the  son 
in  January,  the  influence  of  the  present  distribution  of  land  and 
water  is  sufficient  to  make  the  mean  temperature  of  the  whole 
earth,  or,  what  is  the  same,  the  mean  temperature  of  the  air  over 
the  surface  of  the  earth  higher  in  July  than  in  January.  The 
reason  of  this  is  obvious.  Nearly  all  the  land  is  in  the  northern 
hemisphere,  while  the  southern  hemisphere  is  for  the  most  part 
water.  The  surface  of  the  northern  or  land-hemisphere,  for  rea- 
sons to  which  I  need  not  here  refer,  becomes  heated  in  summer 
and  cooled  in  winter  to  a  far  greater  extent  than  the  surface  of 
the  southern  or  water  hemisphere.  Consequently  when  we  add 
the  July  or  midsummer  temperature  of  the  northern  to  the  July 
temperature  of  the  southern  hemisphere,  we  must  get  a  higher 
number  than  when  we  add  the  January  or  midwinter  temperature 
of  the  former  to  the  January  temperature  of  the  latter.  For  ex- 
ample, the  mean  July  temperature  of  the  northern  hemisphere, 
according  to  Dove  ("  Distribution  of  Heat  on  the  Surface  of  the 
Globe")  is  70° -9,  and  that  of  the  southern  hemisphere  53°  6  ;  add 
the  two  together  and  we  have  124°*6,  which  gives  a  mean  for  both 
hemispheres  of  62''*3.  The  mean  January  temperature  of  the 
northern  hemisphere  is  48°*9,  which,  added  to  59°*5,  the  mean 
January  temperature  of  the  southern  hemisphere,  gives  only 
108***4,  or  a  mean  of  54°*2.  Consequently  the  air  over  the  surface 
of  the  globe  is  hotter  in  July  by  8°  than  in  January,  notwith- 
standing the  effects  of  eccentricity.  It  is  obvious  that,  were  it 
not  for  the  counteracting  effects  of  eccentricity,  the  difference 
would  be  much  greater.  Ten  thousand  years  ago,  when  eccen- 
tricity and  the  distribution  of  land  and  water  combined  to  pro- 
duce the  same  effect,  the  difference  must  have  been  far  greater 
than  8°. 

But  it  will  be  asked,  How  can  this  affect  the  air  over  the  equa- 
tor, which  is  not  situated  more  on  the  one  hemisphere  than  on  the 
other?  It  is  true  that  those  causes  have  but  little  direct  effect  on 
the  air  at  the  equator,  but  indirectly  they  have  a  very  powerful 
influence.  The  Jiir  is  continually  ilowint;  in  to  the  equatorial  re- 
gions from  botli  hemispheres.     In  fact,  the  air  which  we  find 
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there  is  derived  entirely  from  the  temperate  regions.  In  July  we 
have  the  northern  trades  coming  from  a  hemisphere  with  a  mean 
temperature  as  high  as  70^*9,  and  the  southern  trades  coming 
from  a  hemisphere  with  a  mean  temperature  not  under  53°,  while 
in  January  the  former  trades  flow  from  a  hemisphere  as  low  as 
50^,  and  tne  latter  from  a  hemisphere  no  higher  than  60°.  Con- 
sequently the  air  which  the  equatorial  regions  received  from  the 
trades  must  have  a  higher  temperature  in  July  than  in  Januarv. 
The  northern  is  the  dominant  hemisphere  ;  it  pours  in  hot  air  in 
July  and  cold  air  in  January,  and  this  effect  is  not  counterbal- 
anced by  the  air  of  the  opposite  hemisphere.  The  mean  tempera- 
ture of  the  air  passing  into  the  equatorial  regions  ought  therefore 
to  be  much  higher  in  July  than  in  January,  and  this  it  no  doubt 
would  be  were  it  not,  let  it  be  observed,  for  the  counteracting 
effects  of  eccentricity.  The  tendency  of  the  present  distribution 
of  land  and  water,  when  our  northern  winter  occurs  in  perihelion, 
is  to  counteract  the  effects  of  eccentricity.  But  ten  thousand 
years  ago,  when  our  winters  were  in  aphelion,  that  cause  would 
cooperate  to  intensify  the  effects  of  eccentricity.  In  fact,  it 
would  actually  more  than  double  the  effects  then  produced  by 
eccentricity.  Now  if  the  influence  of  the  present  distribution  of 
land  and  water  is  so  great  as  not  merely  to  counteract  but  to  re- 
verse the  effects  of  eccentricity  to  the  extent  of  making  the  mean 
temperature  of  the  earth  8°  warmer  in  July  than  in  January,  it 
is  not  surprising  that  it  should  be  sufficient  to  make  the  equato- 
rial regions  at  least  as  warm  in  the  former  as  in  the  latter  period. 

The  fact  that  the  equator  at  present  is  not  hotter  when  the 
earth  is  in  perihelion,  instead  of  being  an  objection  to  the  theory 
that  the  glacial  period  was  due  to  an  increase  of  eccentricity,  as 
some  suppose,  is  m  reality  another  strong  argument  in  its  favor, 
for  it  shows  that  a  much  less  amount  of  eccentricity  would  suffice 
to  induce  a  commencement  of  glacial  conditions  in  the  northern 
hemisphere  than  would  otherwise  be  required,  were  it  not  for  the 
circumstance  referred  to. 

There  is  another  cause  which  must  also  tend  to  lower  the  Jan- 
uary and  raise  the  July  temperature  of  the  equator,  viz:  the 
northern  trades  pass  further  south  in  January  than  in  July,  and 
consequently  cool  the  equatorial  regions  more  during  the  former 
than  the  latter  season.  The  general  tendency  of  the  trades  to 
lower  the  temperature  of  the  equatorial  regions  more  in  January 
than  in  July  is  of  course  subject  to  modifications  from  the  mon- 
soons, the  rainy  seasons,  and  other  local  causes ;  nevertheless,  so 
long  as  the  present  distribution  of  land  and  water  endures,  so 
long  will  eccentricity  have  a  counteracting  effect  upon  the  tem- 
perature of  the  air  at  the  equator,  which  but  for  that  would  be 
hotter  in  July  than  in  January. 

No  knowledge  whatever  as  to  the  intensity  of  the  sun's  heat 
can  be  obtained  from  observations  on  the  temperature  of  the  air 
at  the  equator.  The  comparatively  cold  air  flowing  in  from  the 
temperate  regions  has  not  time  to  be  fully  heated  by  the  sun's 
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T2kj%  before  it  rises  as  an  ascendiDg  current  and  returns  to  the 
temperate  regions  from  whence  it  came.  More  than  this  these 
trades  prevent  us  from  being  able  to  determine  with  accuracy  the 
intensity  of  the  sun's  heat  from  the  temperature  of  the  ground ; 
for  the  surface  of  the  ground  in  equatorial  regions  is  kept  at  a 
much  lower  temperature  by  the  air  blowing  over  it  than  is  due 
to  the  intensity  of  the  sun's  beat.  It  thus  becomes  a  very  intri- 
cate problem  to  determine  how  much  the  surface  of  the  ground  is 
kept  below  the  maximum  temperature  by  the  heat  absorbed  by 
the  moving  air. — Nature^  Dec.  11,  1870. 

2.  Temperature  of  the  Sun, — Professor  F.  Rosbtti,  of  the  Uni- 
versity of  Padua,  concludes  a  series  of  papers  entitled — "  Experi- 
mental researches  on  the  temperature  of  the  Sun,"  with  the  fol- 
lowing remarks : — 

The  effective  temperature  of  the  sun  may  be  defined  as  that 
temperature  which  an  incandescent  body  of  the  same  size  placed  . 
at  the  same  distance  ought  to  have  in  order  to  produce  the  same 
thermal  effect  y  if  it  had  the  maximum  emissive  power,  i.  e.,  E=l. 
In  this  place  we  could  apply  the  formula  • 

y=mT'(T-<?)-n(T-<?); 

and  if  we  consider  the  surrounding  temperature  during  the  obser- 
vations to  have  been  about  24®,  giving  o  =  207,  we  obtain 

T  =  10238**-4; 

so  that  the  effective  temperature  of  the  sun,  represented  in  degrees 
Centigrade,  is 

if  we  only  take  into  consideration  the  absorption  produced  by  the 
terrestrial  atmosphere.  If  we  neglected  this  absorption  we  should 
have  a  lower  temperature.  In  short,  in  the  observations  made, 
the  maximum  was  obtained  on  September  28th  at  midday :  this 
is  represented  by  210  scale-divisions,  which  gives  y  the  value 

y  =z  5-6921  X  210  =  1 195-3. 

If  we  introduce  this  value  into  the  formula,  we  obtain 

T  =  8883-8, 
giving 

«=  8610-8. 

This  result  will  be  greatly  modified  if  we  take  into  account  the 
absorption  exercised  by  the  solar  atmosphere.  According  to 
Secchi,  the  solar  atmosphere  exercises  a  very  powerful  absorption 
on  the  rays  which  proceed  from  the  photosphere :  on  account  of 
this  absorption  only  -^-^  of  the  solar  radiation  pass  beyond  the 
atmosphere  of  the  sun,  while  ^^  are  absorbed  by  it.  If  we 
regard  this  value  given  by  Secchi  as  correct,  we  can  calculate 
the  thermal  effect  which  the  sun  would  produce  if  it  were  without 
atmosphere.     This  effect  would  be 

100 
y  =  1838-6  X  -r^  =  153208. 
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ila  gives 

Tz=:  20663-7, 
queotly 

^=20380-7. 

5  still  two  causes  which  can  modify  these  results;  but 
their  effect  is  slight,  since  their  influences  are  contrary 
mpensate  one  another.  One  of  these  causes  is  the  value 
ecific  emissive  power  of  the  sun,  which  may  possibly  be 
unity ;  and  in  that  case  the  true  temperature  of  the 
d  be  higher.  The  other  cause  is  the  transparency  of 
ent  strata  of  the  solar  atmosphere:  although  this  is 
s  nevertheless  certain  that  we  receive  the  rays  from  sev- 
posed  strata ;  and  although  their  temperature  is  certainly 
n  that  of  the  photosphere  situated  underneath,  neverthe- 
le  radiation  of  the  latter  a  portion  of  the  radiation  of 
ita  joins  itself;  and  consequently  in  that  case  a  lower 
ire  of  the  sun  is  sufficient  to  produce  the  heating  meas- 
)ur  instruments. 

,  then,  that  I  may  fairly  conclude  that  the  true  tempera- 
e  sun  is  not  very  different  from  its  effective  temperature, 
it  is  not  much  less  than  ten  thousand  degrees  it  we  only 
the  absorption  of  the  teiTestrial  atmosphere,  nor  much 
a  twenty  thousand  degrees  if  we  also  take  into  consider- 
absorption  by  the  solar  atmosphere,  estimating  the  latter 
the  total  radiation  of  the  sun. — Phil,  Mag.^  Supplementary 

y 

Pseudophone, — For  investigating  the  laws  of  Binaural 
*  Professor  S.  P.  Thompson  has  devised  a  little  instru- 
ch  he  calls  the  pseudophone^  and  which,  as  he  states,  is 
gue  of  the  pseudoscope  of  Wheatstone,  since  it  illustrates 
3f  audition  by  means  of  the  illusions  it  produces  in  the 
)erception  of  space.  It  consists  of  a  pair  of  ear-pieces 
with  adjustable  metallic  flaps  or  reflectors  of  sound, 
1  be  fitted  to  the  ears  by  straps  and  can  be  set  at  any 
igle  with  respect  to  the  axis  of  the  ears,  and  can  also  be 
pon  a  revolvmg  collar  about  that  axis  so  as  to  reflect 
to  the  ears  from  any  desired  direction.  In  regard  to  its 
uthor  says: 

:imate  we  are  able  to  make  of  the  position  of  a  source  of 
dging  solely  by  the  relative  intensities  of  the  sensation  in 
ears,  depends  upon  our  previous  perceptions  and  upon 
ssion  of  a  constant  amount  of  effective  auditory  surface, 
istant  angle  subtended  between  the  ears  and  the  line  of 

pseudophone  these  angles  are  variable,  and  the  amount 
ve  surface  can  also  be  varied,  and  this  without  any 
;e,  on  the  part  of  the  person  experimenting  with  the 
it,  as  to  how  much  they  may  be  varied.  Hence  the 
illusions  which  are  now  to  be  described. 

*  See  this  Journal,  voL  xvii,  64,  322. 
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Suppose  one  flap  to  be  adjusted  at  auy  angle  of  about  forty 
degrees  with  the  line  of  sight,  in  which  position  it  is  about  most 
favorably  situated  to  receive  sounds  from  a  point  right  in  front  of 
the  observer;  then  if  the  other  flap  be  adjusted  to  any  angle 
greater  or  less  than  forty  degrees,  fewer  rays  of  sound  are  reflected 
into  the  ear  on  that  side  than  on  the  other,  and  the  hearer  imagines 
the  source  of  sound  to  be  situated  on  that  side  on  which  the  sen- 
sation is  more  intense.  Accordingly,  to  verify  the  perception,  the 
hearer  turns  his  head  until  both  ears  hear  the  sound  equally  loudly, 
and  imagines  then  that  he  is  looking  in  the  direction  of  the  sound, 
whereas  he  is  looking  at  a  point  situated  nearer  to  that  side  on 
which  the  larger  effective  surface  exists.  This  observation  agrees 
with  Steinhauser's  theory.  The  illusion  is  veiy  easily  obtained 
by  means  of  a  loud-ticking  clock,  but  with  some  persons  does  not 
succeed  unless  their  eyes  are  blindfolded;  for  when  there  is  a 
conflict  between  the  evidence  of  the  eves  and  the  evidence  of  the 
ears,  the  tendency  appears  to  be  to  believe  the  former  rather  than 
the  latter. 

A  more  striking  illusion  occurs  when  the  flaps  of  the  pseudo- 
phone  are  reversed  and  adjusted  so  as  to  reflect  into  the  ears 
sounds  which  come  from  immediately  behind  the  observer.  In 
this  case  also,  if  a  source  of  sound,  situated  anywhere  behind  the 
head,  be  observed,  if  the  observer  does  not  know  how  the  flaps  are 
adjusted,  he  will  estimate  it  to  be  somewhere  in  front ;  and,  on 
turning  his  head  about  until  the  sounds  are  equally  intense,  he 
judges  himself  to  be  looking  straight  at  the  source  of  sound, 
whereas  it  is  in  reality  exactly  in  an  opposite  direction.  This 
illusion  succeeds  well  with  a  loud-ticking  clock,  well  also  with  the 
human  voice,  but  not  well  with  a  tuning-fork  of  medium  pitch. 
In  a  room  the  experiment  may  succeed  with  a  tuning-fork;  but 
there  is  never  the  same  clear  and  decisive  impression  as  to  the 
position  of  the  sounding  body.  In  the  open  air  the  writer  has 
never  succeeded  in  producing  the  illusion  with  a  txming-fork ;  for 
the  sensation  is  one  of  a  character  from  which  it  appears  to  be 
impossible  to  draw  any  precise  judgment.  The  sound  does  not 
appear  to  /ufve  any  precise  locality.  *  *  * 

The  illusion  succeeds  in  the  open  as  well  as  in-doors  with  the 
sound  of  a  loud-ticking  clock,  and  with  the  human  voice ;  but 
with  shrill  sounds  it  succeeds  best,  notably  with  the  sharp  click 
of  a  metronome,  and  even  with  a  metronome-bell. 

Another  exponinent  with  the  ])seudophone,  which  gives  rise 
to  acoustical  illusions,  consists  in  setting  one  flap  to  catch  sounds 
from  the  front,  while  the  other  catches  sounds  from  behind  or 
above  the  observer.  Under  these  circumstances  the  sounds  seem, 
as  the  observer  moves  his  head,  to  come  sometimes  from  the  right, 
sometimes  from  the  left,  or  sometimes  from  the  ground. 

Lastly,  most  of  these  experiments  with  the  pseudophone  can  be 
repeated  simply  by  holding  the  hands  in  front  of  the  ears  as  flaps; 
but  here  the  illnsion  dois  not  always  succeed,  as  the  observer  is 
conscious  that  his  hands  are  reflecting  to  the  ear  sounds  from  a 
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certain  direction,  and  so  the  judgment  is  sophisticated. — PhU, 
Mag,^  November,  1879. 

4.  Explosion  of  Carbonic  Add  in  a  coal  mine. — M.  Delssse 
has  given  in  the  Comptes  Rendas  a  short  statement  in  regard  to 
an  explosion  in  the  coal  mine  of  Rochebelle  (Card),  which  caused 
the  death  of  three  miners.  This  explosion  is  explained  as  having 
been  produced,  not  by  fire-damp,  for  the  detonation  was  not  accom- 
panied by  flame  nor  was  there  any  trace  of  burning  found  after- 
ward, but  by  carbonic  acid.  It  is  suggested  that  the  production 
of  the  gas  was  probably  due  to  the  action  of  a  neighboring  deposit 
of  iron  pyrites.  This  pyrite  is  strongly  oxidized  and  in  a  complete 
state  of  decomposition;  this  would  give  a  continual  source  of  sul- 
phuric acid,  which,  dissolving  little  by  little  in  the  subterranean 
waters,  would  meet  the  limestone  below.  In  consequence  a  large 
amount  of  carbonic  acid  would  be  disengaged,  penetrating  the 
fissured  beds  of  coal  and  finally,  as  the  author  argues,  accumulat- 
ing under  so  great  a  pressure  as  to  lead  to  an  explosion. 

5.  On  the  Meat  of  Formation  of  C^yano^ew.— Since  cyanogen 
is  the  only  electro-negative  compound  radical  thus  far  isolated, 
Berthelot  has  thought  it  desirable  to  determine  the  heat  of  its 
formation.  For  this  purpose  he  burned  it  by  means  of  oxygen, 
and  found  for  the  heat  of  its  combustion  CN=26  grams  =-h  132-3 
calories.  Now  the  heat  of  combustion  of  the  12  grams  of  carbon 
it  contains,  referred  to  the  condition  of  the  diamond,  is  94  calories. 
The  difference  is  38*3  calories,  which  is  precisely  the  heat  absorbed 
in  the  formation  of  cyanogen  from  its  elements,  C  (diamond)  4-N 
^CN  (gas)  absorbs  —38-3  calories.  This  fact,  that  cyanogen  is 
formed  from  its  elements  with  absorption  of  heat,  was  announced 
in  1864,  and  is  now  confirmed.  Like  acetylene  C,H^  and  nitrogen 
dioxide  N^O^,  cyanogen  absorbs  heat  in  its  sjm thesis.  This,  Ber- 
thelot  thinks,  may  be  the  reason  why  this  body  manifests  in  com- 
bining an  energy  comparable  to  that  of  the  elements. — BiUL  Soc. 
Ch.y  II,  xxxii,  385,  Nov.,  1879.  g.  f.  b. 

6.  First  Book  in  Qualitative  Chemistry,  by  Alfred  B.  Prks- 
coTT.  160  pp.  8vo  New  York,  1879.  (D.  Van  Nostrand). — This 
little  work  has  a  character  of  its  own  in  that  it  is  designed  not 
only  to  teach  the  ordinary  simple  method  of  analysis,  but  also  to 
give  the  student  at  the  same  time  a  wider  knowledge  of  chemical 
relations,  and  chemical  facts,  than  he  is  likely  to  gain  if  his  atten- 
tion is  directed  exclusively  to  the  differences  upon  which  analyti- 
cal methods  are  based.  In  the  hands  of  a  good  teacher  this  book 
should  give  excellent  results. 

7.  Notes  on  Assaying  and  Assay  Schemes;  by  P.  de  Peys- 
TER  RiCKETTS,  E.M.,  Ph.D.  Second  edition,  revised  and  en- 
larged. 210  pp.  8vo.  New  York,  1879.  (J.  Wiley  &  Son.)— 
We  noticed  this  useful  volume  on  its  first  appearance.  The  second 
edition  contains  important  additions  and  corrections.  Dr.  Chand- 
ler's happy  conception  of  the  Assay  Ton  (A.  T.),  by  which  the 
ton  of  2000  lbs.  stands  to  the  A.  T.  as  one  ounce  Troy  to  one  milli- 
gram, is  now  in  general  use  in  the  United  States,  and  is  of  course 
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used  in  these  ''  Notes."  Dr.  Ricketts  is  at  the  head  of  the  assay 
laboratory  of  the  Columbia  College  School  of  Mipes,  and  these 
'*  Notes''  are  the  daily  guide  of  the  students  of  that  institution. 
It  is  a  particularly  practical  book  and  well  adapted  to  its  ohjecta 
8.  Chemical  Problems,  by  James  C.  Fote.  43  pp.  8vo. 
Appleton's  Misc.,  1879. — Many  teachers  may  find  their  work  facil- 
itated by  having  a  neries  of  problems  on  the  fundamental  princi- 
ples of  chemistry  prepared  for  them. 

II.  Geology  and  Mineralogy. 

1.  A  Manual  of  the  Geology  of  India.  Chiefly  compiled  from 
the  Observations  of  the  Geological  Survey  by  H.  B.  medlicott, 
M.A.,  Superintendent  Geological  Survey  of  India,  and  W.  T. 
Blanford,  F.R.S.,  Deputy  Superintendent  2  vols.  roy.  8vo,  in 
all  820  pp.,  with  a  map,  and  21  lithogr.  plates. — The  authors  of 
this  Manual  of  India  Geology  are  prominent  members  of  the 
corps  connected  with  the  Government  Geological  Survey;  and 
the  work  may  therefore  be  received  as  a  faithml  presentation  of 
the  latest  results  obtained.  The  facts  and  views  are  ably  set  forth, 
and  those  relating  to  fossils  are  well  illustrated  in  the  many  plates. 
The  work  has  a  high  interest  to  geologists  of  the  other  hemis- 
phere, because  of  the  striking  contrasts  with  the  geology  of 
Europe  and  North  America  which  it  affords,  while  sustaining  the 
same  general  truths  and  principles. 

The  work  is  divided  into  Part  I  (occupying  volume  i),  treat- 
ing of  the  Peninsular  area  of  India,  and  Part  II  (volume  ii),  of 
the  Extra-peuin8ular  area  ;  and  both  the  physical  geography  and 
geology  of  these  areas  are  treated  of. 

The  following  are  some  of  the  peculiarities  in  the  geology  of 
India  which  are  described  at  length  in  the  volumes. 

(1.)  The  division  into  Peninsular  and  Extra-peninsular  India  by 
the  broad  plain  of  the  Indus  and  Ganges,  at  the  foot  of  the  inte- 
rior mountain  region ;  "  the  Extra-peninsular  area  is  geologically 
an  intrinsic  portion  of  the  Asiatic  continent,  whilst  Peninsular 
India  is  not." 

(2.)  The  absence  of  7narine  fossiliferous  beds  older  than  Ter- 
tiary in  Peninsular  India,  excepting  some  Jurassic  and  Cretaceoos 
in  the  Cutch  and  Jessalmir  just  northwest,  and  similar  beds 
along  the  east  coast,  although  there  are  unaltered  sedimentary 
rocks  of  great  thickness  from  the  Cretaceous  to  the  Lower  Silu- 
rian (?),  with  metaraorphic  rocks  underneath ;  first,  a  great "  Vind- 
hyan"  formation,  north  of  the  Xarbada,  12,000  feet  thick,  consist- 
ing of  limestones  and  shales  in  many  alternations;  and,  secondly, 
the  Gondwana,  or  plant-bearing  and  coal-bearing  series,  of  wide 
extent,  the  lower  portion  of  which  (the  Talchir  and  Damuda 
groups),  are  referred  to  the  Permian  and  Triassic,  and  the  upper 
(the  Mahadeva  and  Kajmahal)  to  the  Jurassic* 

*  The  only  animal  fossils  of  the  Damuda  series  are  un  Kstheria,  some  Labj* 
rinthodont  and  true  Reptiles  (a  Dicyuodon  (also  a  Karoo  form),  and  the  Dinosaur, 
Ancestrodon  Indicus). 
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The  occurrence  of  marine  fossiliferous  beds  of  Silurian,  Devon- 
iao,  Carboniferous,  Triassic,  Jurassic,  Cretaceous  and  Tertiary 
sge  in  the  mountain  regions  of  the  Extra-peninsular  area. 

(3j  The  Coal-period  of  the  country  having  its  commencement  in 
the  Fermian  and  reaching  its  maximum  in  the  Triassic  (the  period 
of  the  Damuda  group) :  showing  that  the  era  of  gentle  oscilla- 
tions about  such  a  mean  plane  of  level  as  would  make  wide-spread 
marshes  in  alternation  with  wide-spread  shallow  waters,  came 
later  than  in  the  hemisphere  of  Europe  and  America,  and  that 
these  diverse  hemispheres  did  not  correspond  in  limit  with  the 
north  and  south  hemispheres  of  the  sphere. 

(4.)  A  close  relation  in  species  between  the  Coal-plants  (species 
of  OiossopteriSj  etc.),  of  the  Talchir  and  Damuda  groups  and 
those  of  the  Coal-fields  of  Eastern  Australia,  and  also  those  of 
Southern  Africa  ^the  Karoo  beds),  showing  that  these  three  distant 
portions  of  the  globe  had  certain  common  relations  in  that  era. 

(5.)  A  close  relation  between  the  Reptilian  and  Amphibian  fauna 
of  the  Later  Gondwana  beds  and  that  of  the  upper  beds  of  the 
Karoo  series.* 

S.)  The  existence,  in  the  Talchir  group,  among  finer  strata,  espe- 
y  toward  the  base  of  the  group,  of  beds  of  bowlders,  the 
bowlders  rounded,  from  half  an  inch  in  diameter  to  fifteen  feet 
and  thirty  tons  in  weight,  some  of  them  with  scratched  and 
smoothed  surfaces;  and  of  similar  bowlder  beds  in  the  lower  of 
the  South  Africa  deposits  in  the  Karoo  region. 

(7.)  The  existence  in  the  Lower  Vindhyan  series,  in  Southern 
India,  of  a  diamond-bearing  conglomerate  or  grit,  ten  to  twenty 
feet  thick  (of  dark  gray,  red  and  brown  colors),  which  is  explored 
for  diamonds  by  means  of  shallow  pits  and  short  galleries — the 
diamonds  supposed  to  be  probably  "  of  detrital  origin,"  like  the 
pebbles  and  other  material  of  the  enclosing  rock ;  also  of  another 
similar  diamond-bearing  conglomerate  in  the  Up})er  Vindhyans, 
on  the  borders  of  the  Bundelkand  gneiss;  besides  alluvial  dig- 
gings- 

(8.)  In  Extra-peninsular  India,  the  occurrence  of  Eocene  Nura- 

mulitic  strata,  with  underlying  Cretaceous  and  usually  overlying 
beds  of  later  Tertiary,  at  a  height  of  7,000  feet,  on  the  tops  of 
the  hills  of  Khirthar,  in  Western  Sind,  and  still  higher,  in  the  Pun- 

The  upper  part  of  the  Gondwana,  in  the  Rajinahal  hills  and  elsewhere,  con- 
tains numerous  species  of  Cycads  as  well  as  Ferns  and  Conifers,  which  indicate  a 
Jarassic  a^^  and  a  relation  also  to  the  flora  of  beds  overlying  the  Karoo  series  of 
South  Africa.  A  number  of  fossil  fishes,  and  some  Reptile  remains  occur  in  the 
beds,  and  near  Kllore  and  Ongole.  and  near  Madras,  in  the  upper  beds,  there  are 
Ammooites  and  other  Mollusks,  having  Jurassic  affinities.  In  Cutch  and  to  the  north- 
west are  other  Jurassic  rocks,  about  6,000  feet  thick,  containing  numerous  marine 
fossila,  and  it  is  the  only  case  of  the  kind  in  the  Peninsula  of  India.  The  fossils 
are  species  of  Trigonia^  GerviUia,  Pholadomya.  Linia,  Exogyra,  Bdemnitts,  various 
Ammonites,  etc.  Trigonia  ventricosa  occurs  also  in  the  uppermost  Jurassic  rocks 
of  South  Africa,  as  well  as  in  the  upper  beds  of  the  (rondwana  series,  near  Rdjd- 
mahendri.  Marine  Cretaceous  beds  with  fossils  occur  in  Cutch,  in  Pondicherry 
and  Trichonopoly  in  Southern  India,  and  bet^'een  Mandlesir  and  Broach  in  the 
Narbada  valley.  The  marine  Tertiary  beds  of  the  Peninsular  area  are  confined 
to  a  narrow  fringe  along  or  near  the  coast. 
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jab,  to  the  north,  along  the  Suleman  Range  to  Peshawar;  in  the 
''Salt  Range;''  in  Northern  Punjab,  through  the  Haz&ra  and  the 
Murree  Hills,  and  other  hills  west  of  the  Indus;  and  along  a 
region  200  miles  or  more  long  and  25  wide  in  Tibet,  in  the  upper 
Indus  valley,  15,000  feet  above  the  sea  level.*  (The  statement, 
by  Dr.  Thomson,  as  to  the  occurrence  of  Nummulitic  beds  od  the 
Singhi  Pass,  at  a  height  of  16,600  feet,  is  said  to  need  confirma- 
tion, because  of  the  importance  of  the  fact,  if  true.) 

(9.)  A  thickness  of  Tertiary  in  the  Sub-Himalayas  (a  range  of 
mountain  ridges,  fifty  miles  in  width,  5,000  to  8,000  and  rarely 
12,000  feet  high)  of  12,000  to  15,000  feet,  with  the  beds  much 
folded,  but  conformably  with  the  underlying  beds ;  in  the  Punjab, 
of  25,000  feet  thick,  15,000  feet  being  of  the  Siwalik  formation  or 
Upper  Tertiary ;  in  Sind,  in  the  Mountains  of  Khirtbar,  8,000  to 
10,000  feet  for  the  Pliocene  (Manchhar  group)  alone,  the  beds 
much  folded,  (related  to  the  Pliocene  of  the  Siwalik  Hills). 

(10.)  In  the  Punjab,  beyond  the  parallel  of  32°,  between  the 
Indus  and  Jhelun,  the  ''  Salt  Range,''  including  strata  ranging 
from  the  Silurian  (?)  to  the  Pliocene,  many  containing  marine  fos- 
sils, the  Sub-Carboniferous  limestone  being  well  displayed  and 
extending  into  Kashmir. 

(11.)  Salt-bearing  beds  (Silurian?)  at  the  base  of  the  series  of 
the  "Salt  Range,"  the  salt  layers  often  100  feet  thick,  and  at  the 
Mayo  Mines  of  Khewa,  containing  550  feet  of  pure  and  impure 
salt,  in  a  thickness  of  1 ,000  feet ;  also,  in  the  Koh&t  region,  in  the 
Punjab,  underneath  Nummulitic  beds,  beds  of  rock  salt  and  gyp- 
sum of  great  thickness,  exceeding  1 ,000  feet  near  Bah&dur  Khel, 
with  a  width  of  outcrop  of  a  quarter  of  a  mile,  and  ridges  of  rock 
salt  200  feet  high  standing  in  the  region. 

(12.)  Trap  rocks,  doleryte  and  basalt — the  "Deccan  trap" — of 
great  geographical  extent,  reaching,  with  even  horizontality,  from 
the  sea-coast  at  Bombay  (V2°  51'  E.)  to  the  head  of  the  Narbada 
(82°  E.),  and  from  near  Belgaum  (15°  35'  N.)  to  north  of  Goona 
(25°  N.),  an  area,  covering  about  16  degrees  of  longitude  and  9 J 
of  latitude,  little  less  than  200,000  square  miles  (the  railway  from 
Bombay  to  Nagpur,  519  miles  long,  never  leaving  the  volcanic 
rocks  until  it  is  close  to  the  Nagpur  station) ;  and  all  subaerial  in 
origin  ;  probably  erupted  at  or  near  the  close  of  the  Cretaceous  or 
during  the  Lower  Tertiary,  in  successive  outflows  occurring  at 
intervals  during  a  long  period ;  the  thickness  near  Bombay,  6,000 
feet;  in  Cutch,  about  2,500;  in  Sind,  only  200  in  two  bands;  in 
Belgaum,  at  the  southern  limit,  2,000  to  2,500  feet;  to  the  south- 
east, near  Rdjdmahendri,  100  to  200  feet. 

*  The  Indus  in  the  Central  Himalayas  flows  in  a  direction  about  N.  50'  "W.. 
between  the  Zanskar  gneiss  range  on  the  south  and  that  of  Ladak  on  the  north ; 
and  these  Eocene  beds  extend,  according  to  Stoliczka,  from  Kargil,  on  the  west, 
eastward  for  more  than  200  miles,  to  beyond  the  easiem  limit  of  his  explorations. 
The  Zanskar  contains  also  8,000  to  9,000  feet  of  fossilifcrous  Cretaceous,  Jurassic, 
Triassic,  Carboniferous  and  Silurian  beds,  all  conformable.  The  Zanskar  range 
contains  several  peaks  20,000  feet  in  height,  and  "  has  a  right  to  be  considered 
the  principal  continuation  of  the  Himalayan  chain."  Its  gneiss  is  "to  some 
extent,  at  least,  a  rock  formed  of  converted  Paleozoic  strata." 
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(13.)  Other  extensive  trappean  outflows  in  the  Rajmahal  region, 
west  of  the  delta  of  the  Ganges,  2,000  feet  thick,  probably  n*om 
Jurassic  to  Upper  Cretaceous  in  age,  but  supposed  by  some  to 
baye  been  cotemporaneous  with  the  Deccan  outflows,  with  "  little 
l>etrologieal  distinction  between  the  traps''  of  the  two  regions ; 
md  still  others  in  the  Sylhet  region,  east  of  the  delta,  overlaid  by 
Cetaceous  rocks. 

(14.)  A  line  of  eruptive  rocks  on  the  Upper  Indus,  from  Kargil 
iastward,  accompanying  the  Eocene  strata  '^  from  end  to  end." 

The  above  indicate  some  of  the  points  which  the  reader  will 
ind  presented  in  full  in  the  volumes. 

With  regard  to  the  movements  producing  the  Himalayas,  the 
vork  makes  the  following  remarks  in  the  brief  geological  sum- 
nary  with  which  the  work  commences  (pages  Ivi,  Ivii). 

We  cite,  in  closing  this  notice,  the  following  general  remarks 
'from  pages  Ivi,  Ivii)  on  the  Origin  of  the  Himalayas. — During 
ihe  interval  that  has  elapsed  since  Eocene  times,  whilst  no 
mportant  movements,  except  small  and  partial  changes  of 
elevation,  can  be  traced  in  the  Peninsula,  the  whole  of  the 
ri^antic  forces,  to  which  the  contortion  and  folding  of  the 
dimalayas  and  other  Extra-peninsular  mountains  are  due,  must 
lave  been  exercised.  The  Sub-Himalayan  Eocene  beds  were 
leposdted  upon  uncontorted  Paleozoic  rocks ;  and  although 
ihe  Himalayan  area  was  probably  in  great  part  land  at  a  much 
»rlier  period,  there  is  no  reason  for  believing  that  this  land  was 
>f  unusual  elevation,  whilst  the  direction  of  the  Himalayan  ranges 
is  clearly  due  to  post-Eocene  disturbance.  It  will  be  shewn,  in 
ihe  chapters  relating  to  the  SulvHimalayan  rocks,  that  the  move- 
nent  has  been  distributed  over  the  Tertiary  and  post-Tertiary 
jeriod ;  and  a  great  portion  is  of  post-Pliocene  date.  Indeed,  the 
!act  that  earthquakes  are  now  of  common  occurrence  in  the  Hini- 
ilayas,  the  Assam  hills,  Burma,  Cutch,  and  Sind,  and  that  many 
>f  the  shocks  are  severe  and  some  violent,  whilst  the  Peninsular 
irea  is  but  rarely  aflected  by  earthquakes,  may  indicate  that  the 
forces,  to  which  the  elevation  and  contortion  of  the  Himalayas 
are  due,  are  still  in  action ;  and  that  the  highest  mountains  in  this 
world  owe  their  height  to  the  fact  that  the  process  of  elevation  is 
atill  in  progress,  to  a  sufficient  extent  to  counterbalance  the  effects 
of  denudation. 

In  Sind  and  the  Suleman  ranges,  there  is  much  probability 
that  some  movement  took  place  during  Miocene  and  Pliocene 
times.  Some  slight  unconformity  between  beds,  elsewhere  con- 
formable, and  the  absence  of  different  groups  in  parts  ot  the  coun- 
try, may  thus  be  explained;  but  the  pnncipal  disturbance  is 
clearly  of  post-Pliocene  date.  To  the  eastward,  in  Burma,  how- 
ever, the  Pliocene  formations  of  the  Irawadi  valley  are  but  little 
disturbed,  and  the  Miocene  beds,  although  contorted,  are  unal- 
tered; whilst  many  of  the  Eocene  and  Cretaceous  rocks  are 
p^atly  changed,  besides  having  undergone  excessive  disturbance 
md  folding.     These  facts  may,  perhaps,  indicate  that  the  disturb- 
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ing  forces  were  more  severe  to  the  eastward  in  middle  Tertiarj 
times,  and  that  the  main  action  to  the  westward  was  of  later  date: 
a  view  partly  supported  by  the  fact  that  there  is  evidence  of  ele- 
vation having  taken  place  in  the  Himalayas  near  the  Ganges  and 
Sutlej,  at  an  earlier  period  than  farther  to  the  westward.  In  the 
Simla  area,  there  is  marked  unconformity,  due  evidently  to 
upheaval  and  denudation  combined,  between  the  Sirm^r  and  Siw»- 
lik  series,  and  between  the  lower,  or  Nahan,  group  of  the  Siwalik 
series  itself  and  the  next  overlying  sub-division ;  whereas  farther 
west,  in  the  Northern  Punjab,  all  the  groups  follow  each  other  in 
apparently  conformable  sequence.  The  evidence,  however,  is  not 
sufficient  to  prove  that  the  contortion  to  the  eastward  is  older 
than  to  the  westward ;  and  the  absence  of  any  important  break 
in  Burma  is  opposed  to  the  suggestion  of  great  movements  hav- 
ing taken  place  in  that  country  m  early  or  middle  Tertiary  times. 

It  is  evident  that  the  forces,  to  which  the  principal  ranges  io 
the  Extra-peninsular  area  owe  their  direction,  have  not  only  been 
exerted  throughout  a  considerable  portion  of  the  Tertiary  period, 
but  that  these  forces  have  acted  contemporaneously,  at  all  events 
in  the  post-Pliocene  period." 

2.  Note  on  the  Trilobite^  Atops  trUinecUiis  of  Mntnons ;  by 
S.  W.  Ford. — In  his  paper  on  "  Fossils  of  the  Utiea  Slate  and 
Metamorphoses  of  Triarthrus  Beckii^'*  noticed  on  page  162  of 
this  Journal  for  August,  1879,  Mr.  C.  D.  Walcott  includes  in  his 
list  of  synonyms  of  Triarthrus  Beckii^  Atops  trUineattu  Emmons, 
1844,  Taconic  System,  p.  20;  and  Atops  trilineatits  Emm.,  1846, 
Agr.  Rep.  N.  Y.,  vol.  i,  p.  64.  The  figures  are  the  same  in  the 
two  publications  cited.  The  species  represented  by  Emmons  is 
not  the  Triarthrus  Beckii^  and  of  the  tJtica  Slate,  nor  is  it  that 
species  and  of  the  Hudson  River  group,  as  maintained  by  Hall, 
but  has  since  been  shown  to  belong  to  the  genus  Conocoryphe 
and  to  characterize  the  Primordial.  It  has  not  yet  been  met  with 
beyond  the  State  of  New  York,  nor  at  any  point  west  of  the 
Hudson  River.  In  an  earlier  part  of  his  paper,  Mr.  Walcott  treats 
of  the  views  entertained  by  Mather  concerning  the  rocks  upon  the 
east  side  of  the  Hudson,  quoting  from  that  geologist  to  prove  that 
he  considered  them  to  represent  all  the  members  of  the  Champlain 
division,  and  these  only ;  and  he  then  proceeds  to  speak  of  "  Mr. 
Dale's  discovery  of  an  old  locality  given  by  Mather,**  and  the 
writer's  "  verification  of  the  prcftence  of  a  lower  member  of  the 
Champlain  division  by  paleontological  evidence,"  as  serving 
simply  to  confirm  Mather's  views. 

Whatever  may  be  thought  of  Mr.  Dale's  discoveries,  I  am 
satisfied  that  their  intrinsic  value  will  not  be  at  all  lessened  by 
Mr.  Walcott's  method  of  putting  things.  The  important  fact  still 
remains,  that,  up  to  the  date  of  Mr.  Dale's  discovery  of  Hudson 
River  fossils  at  Poughkeepsie,  the  age  of  the  slates  occurring 
there  was  unknown.  With  regard  to  myself  I  may  say  that  I  am 
far  from  regarding  the  Primordial  beds  of  Troy,  !n.  Y.,  as  repre- 
senting any  portion  of  the  Champlain  division  as  generally  ande^ 
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stood,  and  have  so  expressed  myself  in  former  papers.  The 
evideDce  respecting  the  horizon  of  these  beds  is  mainly  paleon- 
tological ;  and  this,  as  it  at  present  stands,  shows  that  their  fauna, 
ihoogh  closely  linked  eenencally  with  that  of  the  Potsdam  sand- 
stone (or  true  base  of  the  Champlain  division)  on  the  one  hand, 
and  the  Acadian  on  the  other,  yet  has  a  decided  leaning  in  this 
respect  toward  that  of  the  Acadian.  Specifically  it  is  entirely 
distinct  from  both.  Until,  therefore,  more  is  known  upon  the 
subject,  it  seems  to  me  an  obvious  over-reaching  of  facts  to  refer 
tiie  beds  in  question  unqualifiedly  to  the  Champlain  division  of 
the  New  York  System. 

New  York,  December  12th,  1879. 

3.  lAst  of  Papers  on  the  Taconic  System  j  by  James  D.  Da  ma. 
— As  an  Appendix  to  my  last  paper  on  the  Taconic  System,  pub- 
lished in  vol  xvii  of  this  Journal  (May,  1879,  p.  376),  I  have 
prepared  a  list  of  the  principal  papers  on  the  subject.  It  contains 
those  treating  of  the  true  original  Taconic,  and  of  the  changes  in 
the  limits  of  the  Taconic  system  which  Emmons  introduced ;  but 
the  papers  which  bear  only  on  the  age  of  accessories  to  the  system 
are  not  included,  since  they  never  had  any  right  to  a  place  in  the 
system  and  their  age  has  no  bearing  on  the  question  as  to  the  age 
of  the  true  Taconic.  The  list  is  in  two  parts ;  first,  that  of  papers 
sustaining  the  pre-Silurian  (pre-Potsdam)  age  of  the  Taconic  sys- 
tem ;  and  secondly,  that  of  papers  adverse  to  this  view  of  their  age. 

L  In  FAYoa  of  rrs  inferiob  position  and  uNcoMFOBif  ability  to  thb  Nbw 
ToEK  Silurian. 

Ebsnbzbb  Emmons:  Rep.  OeoL  New  York,  4to,  1842,  pp.  113-164;  aDDounces 
the  Taconic  system  as  Lower  Cambrian,  and  includes  in  it,  besides  the  schists  o 
the  Taconic  Mountains  (in  the  vicinity  of  which,  at  Williamstown,  Professor 
Emmons  for  a  while  lived)  and  other  slates  to  the  north,  and  west  to  the  Hudson, 
alflo  the  associated  crystalline  and  semicrystalline  limestones  and  quartzyte. — 
IdjU:  Rep.  Agric,  New  York,  Part  v,  4to,  1846,  pp.  46-112;  describes  the  sys- 
tem with  more  detail,  and  extends  it  to  include  rocks  in  Maine,  Rhode  Island  and 
Michigaii. — Idbm:  American  Geologist,  8vo,  voliune  i,  1856,  Part  ii,  pp.  1-124; 
extends  the  system  from  Maine  to  Georgia,  divides  it  into  Upper  and  Lower,  the 
aUtea,  limestones,  and  magpiesian  slates  of  the  original  Taconic,  with  their  sup- 
poaed  equivalents,  being  made  the  Lower,  and  some  added  fossiliferous  rocks 
[Primordial  and  later],  with  their  supposed  equivalents,  the  Upper. — Idem  :  Report 
OD  the  North  Carolina  Geol.  Survey,  8vo,  1866,  pp.  49-72. 

£.  ft  C.  H.  HrrcHCOOK:  Report  on  the  Geology  of  Vermont,  2  vols.,  4to,  1861 ; 
■oatainfl  the  system,  but  half  strangles  it  by  the  paleontological  facts  it  report& — 
P.  Maboou,  Comptes  Rendus,  Nov.  4,  1 861,  and  Proa  Boston  Soc.  Nat  Hist., 
1862 ;  adds  the  Potsdam  sandstone  and  the  gneiss  of  the  Green  Mountains  to  the 
Taconic  system. 

T.  S.  Hunt:  Proc.  Boston  Soc.  Nat  Hist,  xix,  276,  1878;  refers  the  "Upper 
Taconic,"  "  wholly  uncrystalline,"  to  **  the  Quebec  Group  of  Imogen ;"  but  the 
**  Lower  Taconic,"  here  called  Taconian  (and  made  to  include  the  crystalline  schist 
of  the  Taconic  Moimtains,  "  along  the  outcrop"  of  which  occur  '*  the  great  masses 
of  brown  hematite  ore"  [or  limonite],  associated  with  magnesian  limestones,  fVom 
Yermont  to  Alabama),  to  the  lowest  Cambrian,  or  a  still  lower  formation,  contain* 
ii^  ScoUihuB  and  Eozoon. — Idem  :  Pennsylvania  Geol.  Report,  on  Azoic  Rocks, 
Put  i,  1878;  uses  the  name  Taconian  (p.  207),  with  the  same  definition,  but 
makes  the  Upper  Taconic  to  include  the  Quebec  Group  and  (pp.  116,  116,  206) 
ofganic  remains  of  the  European  Cambrian  at  least  as  low  as  the  Menevian." 

Ajf.  JouB.  Soi.— Thibd  Sbbies,  Vol.  XIX,  No.  UO.—Fbb.,  1880. 
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II.  In  fatob  of  the  idxntitt  of  the  Taoonio  stbtem  with  part  or  All.  or 
TJU  Nkw  York  Lower  Silurian.  (The  Lower  Silarian  is  called  Champlain 
Diviaum  bj  Mather). 

H.  D.  k  W.  B.  Rogers:  Proc  Amer.  Phil.  Soc,  Jan.  1.  1841 ;  make  the  elates 
of  the  Taconic  MouDtaios  and  the  rocks  east  and  west  to  be  Lower  Silurian,  and 
refer  the  slates  to  the  Hudson  River  frroup. — W.  W.  Mather:  Report  Geol  N. 
York,  4to.,  1843 ;  grives  many  sections  and  announces  the  same  condasions,  argu- 
ing against  the  Taconic  system. — H.  D.  Rogers:  Address,  etc,  Rep.  Amer.  Assoc. 
Qeol.  &  Nat.,  for  1844,  p.  67,  and  Amer.  J.  Scl,  xlvii,  137,  1844;  urges  the  same 
views  essentially. — James  Hall  :  ibid.,  p.  68. 

T.  S.  Hunt,  "of  the  Geological  Commission  of  Canada:"  On  the  Taconic  Sys- 
tem, Report  Amer.  Assoc.,  for  1860  (New  Haven  meeting)  says,  "The  results' of 
the  [Canada]  survey  have  shown,  as  I  had  the  honor  to  state  at  the  last  annual 
meeting  at  (Cambridge  [in  1849],  that  the  Green  Mountain  rocks  are  nothing  else 
than  the  rocks  of  the  Hudson  River  group  with  the  Shawang^nk  conglomerates, 
in  a  metamorphic  condition." — James  Hall  :  N.  Y.  Pakeontology,  vol.  iii,  p.  15, 
1859.— T.  S.  Hunt:  Amer.  J.  Sci.,  II,  xxxi,  402,  1 861  (after  Logan's  defining  of 
the  Quebec  group);  says,  "the  Quebec  g^oup  with  its  underlying  shales  is  no 
other  than  the  Taconic  system  of  Emmons.*' — Idem  :  ibid.,  zxzii,  427,  1861 ;  makes 
the  Taconic,  exclusive  of  the  slates,  equivalent  of  the  Calciferous,  adding  that  "  it 
remains  to  be  seen  whether  Dr.  Emmons  can  retain  from  the  wreck  of  his  system, 
the  lower  slates  as  a  Tacanic  fonnation  older  than  the  Potsdam." — W.  £.  LoOAV: 
Geology  of  Canada,  8vo,  1863,  p.  934 ;  makes  the  system  to  consist,  '*  for  the 
greater  part  at  least,  of  the  strata  of  the  Potsdam  and  Quebec  Group." — J.  D. 
Dana:  Manual  of  Geology,  1863;  cites  and  adopts  the  views  just  mentioned. — 
James  Hall  and  W.  E.  Logan:  Amer.  J.  Sci.,  II,  xxxix,  96,  1865;  refer  the 
Hudson  River  slates  south  of  Albany. to  the  Quebec  group. — T.  S.  Hunt:  Address, 
etc.,  Rep.  Amer.  Assoc.,  for  1871;  refers  the  Stockbridgre  or  Green  Mountain 
limestone  to  the  Quebec  group,  and  states  that  the  conclusion  of  Rogers  and 
Mather  referring  the  Taconic  system  to  the  '*  Champlain  Division"  of  the  New 
York  rocks  had  been  sustained  by  subsequent  observations  (pp.  15  and  23). 

J.  D.  Dana  :  On  the  Rocks  of  the  vicinity  of  Great  Barrington,  Mass.,  Amer.  J. 
Sci.,  Ill,  iv,  vi  1872,  1873;  gives  sections  showing  the  con/ot-mability  of  th.e 
Taconic  slates,  "  magnesia  schists"  (slates  and  schists  making  the  Taconic  Moun- 
tains),  Stockbridge  limestone,  and  quartzyte  (the  original  Taconic  rocks  of  Emmons), 
and  makes  ihe  limestone  (on  the  basis  of  Billings's  report  of  Wing's  discoveries). 
Trenton  and  Chazy,  and  the  Taconic  schists  and  slates  of  Hudson  River  age. — A. 
Wing:  Discoveries  in  Vermont,  ibid.,  xiii,  1877;  shows,  by  their  fossUs^  ^at  the 
"  Stockbridge  limestone"  nnd  •'  Sparry. limestone"  of  the  Taconic  System  of  Enmions 
in  Vermont,  are  Lower  Silurian,  from  Potsdam  to  Trenton,  inclusive,  and  that  the 
Taconic  slates  overlie  the  limestones.— J.  D.  Dana:  On  the  Relations  of  the 
Geology  of  Vermont  to  that  of  Berkshire,  ibid.,  xiv.  1877;  gives  new  sections 
proving  the  conformablity  before  announced,  nnd  sustains  the  conclusion  that  the 
Taconic  schists  and  slates  (those  of  the  Taconic  Mountains)  are  of  Hudson  River 
ago,  and  the  limestones  Lower  Silurian,  and  shows  also  that  mica  schist,  gneiss 
and  other  crystalline  rocks  are  included  among  the  conformable  Lower  Silurian 
strata. — Frederick  Prime,  Jr.  :  Lower  Silurian  FossQs  in  limestone  associated 
with  Tlydroniica  Slates  in  Kastern  Pennsylvania,  ibid.,  xv,  261,  1878;  shows  the 
Chazy  or  Trenton  age  of  the  rocks,  which  are  part  of  the  so-called  Taconic,  and 
are  like  those  of  Berkshire. — T.  Nelson  Dale  :  Diseovery  of  fossils,  proving  the 
Hvdson  Rivtr  age  of  the  supposed  Taconic  Poughkeepsie  slates. — J.  D.  Dana  :  On 
the  Hudson  River  Age  of  the  Taconic  schists,  ibid.,  xvii,  .S75,  1879;  announces  the 
discovery  of  IVenton  fossils  in  tho  Baruegat  or  Wappinger  Valley  limestone 
(which  adjoins  the  Poughkeepsie  slates),-  and  proves  the  conformability  of  the 
Poughkeepsie  slates  with  the  slates  of  tho  Taconic  Mountains,  as  exhibited  in 
Mather's  sections  and  the  continuity  and  conformability  of  the  Dutchess  Oountr 
slates  and  limestones  with  those  of  the  Taconic  System  of  Massachusetts  and 
Vermont. — W.  B.  Dwight  :  Fossils  of  the  Wappinger  Valley  Limestone,  ibid., 
389;  adds  to  the  number  of  localities,  and  gives  lists  of  lYenton  fossils,  50. 
— Whitfield  :  On  the  occurrence  of  Maclurea  of  the  Chazy  beds  in  the 
Bamegat  Limestone  near  Newburgh,  New  York,  ibid.,  xviii,  227,  1879. — ^W. 
B.  Dwi&HT:    On  Calciferous  as  well  as  Trenton  fossils  in  the  Bamegat  Iftne- 
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fltone  at  Bochdale  and  in  Trenton  in  the  same  near  Newburgh,  N.  Y.,  ibid.,  xiz, 
71, 1880.— J.  P.  Leslst:  On  the  discovery  by  P.  Frazer,  of  Hudson  River  or 
I^ton  BitihGtrephia  in  slates  on  the  Susquehanna,  near  the  borders  of  Penn- 
ijrlvmnia  and  Maryland,  ibid.,  ziz,  71, 1880. — Proc.  Amor.  Phil.  Soc.,  zviii,  365. 

4.  2%e  Cave  Bear  of  California  ;  by  E.  D.  Cope. — In  explor- 
ing a  cavem  in  the  Carboniferous  limestone  of  Shasta  county, 
CaL,  James  D.  Richardson  discovered  the  skull  of  a  bear  beneath 
several  inches  of  cave  earth  and  stalagmite.  The  specimen  is  in 
a  good  state  of  preservation,  and  demonstrates  that  tne  cave  bear 
of  that  reeion  was  a  species  distinct  alike  from  the  cave  bear  of 
the  Blast  (ursus  pristinus)^  ^nd  from  any  of  the  existing  species. 
Id  dimensions  the  skull  equals  that  of  the  giizzly  bear,  but  it  is 
very  differently  proportioned.  The  muzzle  is  much  shorter,  and 
is  wide,  and  descends  obliquely  downward  from  the  very  convex 
frontal  region.  It  wants  the  large  postorbital  processes  of  the 
grizzly,  but  has  the  tuberosities  oi  the  polar  bear  ( U,  maritirr^As)^ 
which  it  also  resembles  in  the  convexity  of  the  front.  Sagittal 
crest  well  developed.  Three  (one  median  and  posterior)  incisive 
foramina:  three  external  infraorbital  foramina.  The  teeth  are 
large,  and  the  series  presents  the  peculiarity  of  being  without 
diastema.  The  crowns  of  the  premolars  are  not  preserved,  but  if 
there  were  not  three  premolars,  the  second  tooth  has  two  well- 
developed  roots.  First  true  molar  with  but  two  external  and  one 
internal  tubercle.  The  absence  of  diastema  renders  it  necessary 
to  separate  this  bear  from  the  true  Ursi^  and  I  propose  to  regard 
it,  provisionally,  as  a  species  of  Arctotherium  Gerv.  The  canine 
teeth  are  large  and  compressed  at  the  base.  Length  of  cranium 
along  base  from  below  apex  of  union  to  premaxillary  border, 
0-387"*;  length  to  posterior  nares,  '202;  elevation  of  forehead 
vertically  above  the  posterior  extremity  of  the  last  molar,  "141; 
width  between  inner  border  of  posterior  molars,  '076.  The  spe- 
cies may  be  called  Arctotherium  siniura, — Amerlcayi  Naturalist^ 
December,  1879. 

5.  On  the  Miocene  Fauna  of  Oregon ;  by  E.  D.  Cope, — This 
paper,  published  in  the  Proceedings  of  the  American  Philosophical 
Society,  Dec.  5, 1 879,  is  the  third  by  Professor  Cope  on  the  Miocene 
Mammals  of  Oregon.  The  first  appeared  in  the  Proceedings  of  the 
same  society  for  ^I^ovember,  1878,  and  the  second  in  the  Bulletin 
of  the  United  States  Geological  Survey  of  the  Territories  for 
February,  1879.  The  latter  article  contains  an  enumeration  of 
seven  species  of  mammals,  discovered  in  the  Truckee  beds  of  the 
White  Kiver  formation  of  Oregon.  Since  the  date  of  the  latter 
paper  Professor  Cope  has  been  engaged  in  exploring  the  region ; 
**  the  expeditions  being  mostly  under  the  direction  of  Jacob  L. 
Wortman."  This  paper  contains  the  descriptions  of  some  of  the 
new  species  obtained,  namely :  Hesperomys  nematodon^  Sciuruit 
Vortmanij  Paciculus  insolitics^  Cani^  lemur  ^  Amphicyon  en  top- 

tychi^  Archcelurus  debilis,  Hoplophoneus  platycojjia^  Vhcenohyas 
decedens^  Thinohyus  trichcenuny  PaUjeochcerus  subcequansj  JHeryvo- 
pater  Ouiotianus,  Coloreodon  feroxj  Coloreodon  macrocephalua. 
Professor  Cope  states  that  Mr.  Wortman,  to  whom  he  is  indebted 
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for  several  of  the  above,  has  sent  remalDS  also  of  LacertUia  and 
Ophidia^  orders  previously  unkDown  from  the  Miocene  of  Oregon, 
but  made  known  by  him  as  occurring  in  the  White  River  fonn»- 
tion  of  Colorado  in  1873. 

6.  Ueber  die  erzfUhrenden  Tieferuptionen  von  Zinnwald- Alien- 
berg  und  Hber  den  Zinnbergbau  hi  diesem  Gebiete ;  by  Edwabd 
11b Y£R.  Tektonik  der  GranitergUsse  von  Neudeck  una  JS^arhbad 
und  Qeschichte  des  Zinnbergbaues  im  Engebirge;  by  the  same. 
Banka  und  Bilitong ;  by  the  same. — The  earlier  studies  of  Dr. 
Reyer,  entitled,  "  die  Euganeen :  Bau  und  Oeschichte  eines  Vul- 
canes,"  and  "  Beitrag  zur  Fysik  der  Eruptionen  und  der  Eruptiv- 
gesteine,"  are  already  well  known  by  those  interested  in  the  sub- 
jects of  which  they  treat.  The  series  of  papers  whose  titles  are 
given  above  are  based  in  part  upon  the  theones  advanced  in  these 
former  memoirs.  They  contain  detailed  descriptions  of  the  method 
of  occurrence  of  the  tin  ore  in  the  Erzgebirge  of  Bohemia,  specuUi- 
tions  as  to  its  genesis,  and  also  many  valuable  and  interesting 
facts  in  regard  to  the  history  of  the  tin-mining  industry. 

Y.  Brachiopodes :  Etudes  Locales,  Extraits  du  Syst^me  Silu- 
rien  du  centre  de  la  Boh^me ;  vol.  v,  Brachiopodes.  I.  Variations 
observ6es  parmi  Brachiopodes  siluriens  de  la  Boh^me.  IL  Distri- 
bution verticale  des  genres  et  esp^ces  de  Brachiopodes  dans  le 
bassin  silurien  de  la  Boh^me.  III.  Connexions  Rp6cifiques  ^tablies 
ar  les  Brachiopodes  entre  les  faunes  siluriennes  de  la  Bohdme  et 
es  faunes  paleozolques  des  contr^es  etrang^res;  par  Joachdc 
Barrande.     356  pp.  and  7  plates,  4to.     Prague  and  Paris,  1879. 

8.  Geological  Survey  of  Japan,  Reports  of  Progress  for  1878 
and  1879;  by  Bknj.  Smith  Lyman.     266  pp.  8vo.     Tookei,  1879. 

9.  Lethoea  Geognostica^  oder  Beschreibung  und  Abbildung  d&r 
fUr  die  Gehirgs-  Formationen  bezeichnendsten  Versteineriingen, 
herausgegeben  von  einer  Vereinigung  von  PalSontologen.  I  Theil, 
Lethaea  palajozoica  von  Fred.  Roemer.  1*^®  Lieferung.  .324  pp. 
8vo.  Stuttgart,  1880  (E.  Schweizerbart'sche  Yerlagshandlnng — 
E.  Koch).  An  Atlas  to  this  work  was  published  in  1876;  it  con- 
tains sixty-two  plates,  illustrating  the  fossil  plants  and  animals  of 
the  successive  raleozoic  formations,  from  the  Cambrian  to  the 
Permian  inclusive. 

10.  Neues  Jahrbuch  fiXr  Mineralogie^  Geologic^  JPaleontologie, 
— A  new  decade  of  the  "  Jahrbuch"  begins  with  1 880,  and  with 
it  it  is  announced  several  changes  will  be  made  which  are  cal- 
culated to  increase  its  usefulness.  There  are  to  be  in  future  six 
numbers  yearly,  in  two  volumes,  which  together  will  include  one- 
half  more  matter  than  the  annual  volumes  hitherto  issued.  Vari- 
ous other  changes  in  the  selection  and  arrangement  of  the  matter 
(some  of  them  of  consideraV)le  importance),  are  also  proposed. 
The  editors,  Professors  Benecke,  Klein  and  Kosenbusch  are  doing 
a  great  service  to  science  in  perfecting  and  making  more  complete 
the  journal  which  has  been  intrusted  to  their  care. 

11.  Mineralogische  Notizen  von  A,  von  Lasaulx. — Professor 
Lasaulx  describes  a  new  mineral  species  under  the  name  of  2Vto- 


p 

Ic 


Botany  and  Zoology.  157 

nomarphiie.  It  ooonrs  as  an  alteration  product,  forming  a  white 
coating  about  a  nucleus  consisting  of  rutile  or  menaccanite,  or 
both.  This  coating  has  in  part  a  radiated  fibrous  structure,  but 
on  the  outside  is  granular.  The  grains  in  some  instances  admitted 
of  a  crystallographic  and  optical  examination,  which  showed  a 
close  relation  between  the  mmeral  and  titanite.  An  analysis  by 
Bettendorff  afforded  TiO,  74-32,  CaO  26  27,  FeO  tr=99-59,  which 
corretiponds  to  the  formula  CaTi^O^.  Found  in  the  amphibolyte  of 
the  **  Hohe  Eule,"  Silesia.  It  is  regarded  by  Lasaulx  as  probably 
identical  with  the  white  decomposition  product  from  menaccanite 
or  mtile  often  observed  in  microscopic  sections  of  rocks  but 
hitherto  of  uncertain  composition. 

Professor  Lasaulx  also  describes  a  manganese  vesnvianite  (3*23 
p.  c.  MnO)  from  the  neighborhood  of  Jordansmtlhl,  in  Silesia, 
and  gismondite  from  the  basalt  of  Schlauroth,  near  GOrlitz.  The 
crystals  of  gismondite  are  shown  to  be  generally  twins,  belong- 
ing to  the  triclinic  system. — Zeitsch,  KrysL^  iv,  162. 

12.  Miner alogiscne  Notizen^  von  V.  von  Zepharovich. — Pro- 
fessor 2^pharoyich  describes  interesting  crystals  of  calcite  and 
oeruBsite  from  Bleiberg,  the  former  with  the  rhombohedron  Rf^ ; 
also  of  sulphur,  pyrite,  and  arsenical  pyrites. 

18.  Uebir  die  optische  Orientirung  der  Plagioklase  von  Mai 
ScHUSTBB. — The  results  reached  by  DesCloizeaux  in  his  optical 
examination  of  the  triclinic  feldspars  were  regarded  by  him  as 
strong  arguments  against  the  correctness  of  the  theory  of  Tscher- 
mak,  that  they  are  isomorphous  mixtures  of  anorthite  and  albite  in 
varying  proportions,  with  these  two  species  as  the  extremes.  The 
subject  has  been  farther  investigated  by  Schuster,  and  as  his 
result,  he  states : — that  the  lime-soda  feldspars  form  in  their  opti- 
cal relations  a  series  analogous  to  that  which  connects  them  in 
their  other  characters;  and  further,  each  definite  ratio  in  the  mix- 
ture of  the  albite  and  anorthite  corresponds  to  a  definite  optical 
relation  approaching  the  one  or  the  other  of  these  two  species.  It 
is  also  shown  that  microcline  and  orthoelase  are  related  to  the 
other  feldspar  species  in  the  position  of  the  plane  of  the  optic  axes, 
and  in  the  position  of  the  positive  bisectrix. — Her.  Afc,  Wien^ 
Ixxx,  July,  1879. 

14.  Ueber  den  Perowskit  von  H.  Baumhaukr. — The  true  crys- 
talline form  of  the  rare  species  perofskite  has  long  been  in  ques- 
tion, and  has  been  discussed  by  DesCloizeaux,  Kokscharow,  Hes- 
senberg  and  others.  Baumhauer  has  applied  the  method  of  etch- 
ing to  crystals  from  several  localities,  and  has  confirmed  an  opin- 
ion previously  expressed  by  others,  tliat  they  belong  in  fact  to 
the  orthorhombic  system. 

III.  Botany  and  Zoology. 

1.  The  Botanical  Gazette^  a  Paper  of  Botanical  Notea^  edited 
by  Prof.  J.  M.  Coulter  and  M.  S.  Coulter,  has  completed  its  fourth 
year,  and  its  existence  is  now  assured.  The  principal  editor  is 
now  a  professor  in  Wabash  University,  at  Crawfordsville^  Indi- 
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ana,  where  the  Gazette  is  now  pablished,  in  monthly  nambers,  at 
the  low  price  of  a  dollar  per  year.  It  is  an  organ  for  communica- 
tion among  botanists,  for  the  prompt  publication  of  notes  and 
observations,  and  of  those  contributions  to  knowledge  which 
every  accurate  observer  may  do  his  part  in,  but  which  must  be 
collected  in  order  to  be  preserved  and  utilized.  New  species  are 
published  or  announced  in  it,  but  it  is  rather  an  organ  for  new 
observations  and  botanical  news.  It  is  well  conducted ;  it  is  very 
useful ;  we  learn  that  it  is  in  a  condition  which  ensures  its  contin- 
uance, and  that  every  increase  in  the  subscription  will  go  toward 
increasing  its  value.  Our  botanists  should  now  see  that  it  is  worth- 
ily supported.     Indeed  they  can  hardly  do  without  it.  a.  g. 

2.  Additions  to  the  ^Botaniccd  Necrology  of  1 879. — Our  obit- 
uary list  was  drawn  up  earlier  than  usual,  so  that  it  might  appear 
in  the  January  number  of  the  Journal.  Two  additions  are  already 
to  be  made  to  it. 

Ferdinand  Lindheimer  died,  at  New  Braunfels,  Texas,  in  the 
early  part  of  December,  at  the  age  of  about  78.  The  Texan  news- 
paper which  announces  his  decease  states  that  he  was  a  volunteer 
m  the  Texas  revolution  under  Gen.  Houston.  He  was  for  many 
years  editor  of  a  German  newspaper  published  at  New  Braunfels. 
He  was  an  assiduous  and  excellent  collector  and  a  keen  observer; 
the  notes  upon  his  specimens  are  full  and  discriminating,  and 
added  not  a  little  to  the  value  of  the  collections  which  were  dis- 
tributed by  his  friend  and  correspondent,  Dr.  Engelmann,  and  to 
the  publication,  Plantm  fAndhsimeriance^  in  which  a  large  part  of 
them  were  published  and  annotated.  Various  new  species  dis- 
covered by  him  bear  his  name,  which  is  also  commemorated  by  a 
peculiar  genus  of  Compositce,  discovered  by  him.  Lindheimera 
Texana  is  a  very  pretty  Texan  annual,  which  has  remained  in  cul- 
tivation for  nearly  forty  years,  at  least  in  botanical  gardens ;  and 
a  Mexican  species  has  recently  been  made  known,  from  the  col- 
lections of  Dr.  Parry  and  Dr.  Palmer.  Hardly  any  name  is  more 
identified  with  the  botany  of  his  adopted  State  than  that  of  the 
worthy  Lindheimer.  a,  g. 

CiiARLKs  Henry  Godet,  of  Neufchatel,  author  of  the  Flora  du 
Jura,  died  December  16,  in  the  83d  year  of  his  age.  This  vener- 
able botanist  and  most  estimable  man  was  a  very  critical  student 
of  the  European  flora.  He  took  a  lively  interest  in  that  of  our 
own  country ;  so  it  is  pleasant  to  remember  that  his  name  is 
borne  by  a  peculiarly  North  American  genus,  containing  over  a 
dozen  handsome  annuals,  mainly  C.alifornian,  several  of  them 
prized  ornaments  of  the  flower  crarden.  Godetia  of  Spach  was 
reduced  by  Torrey  and  Gray  and  their  contemporaries  to  a  sec- 
tion of  the  genus  [(J^noth^ra)  from  which  it  was  originally  taken. 
But  it  has  been  restored  by  Sereno  Watson,  and  it  may  be  ex- 
pected to  hold  its  ground.  It  commemorates  the  services  to 
science  of  a  keen  and  sound  botanist  and  a  charming  man.     a.  g. 

3.  Dds  Microf/onidium  :  ein  Beitrag  zitr  Kenntnls%  der  icahren 
Wesens  der    Mechter:    von   Dr.  Arthur   Minks,  Mittgl.  mehr. 
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gelehrter  GksellschafteD.  Mit  6  colorirten  Tafeln.  249  pp.  8vo. 
Basel,  Qenf.  Lyon,  (St.  George's  Verlag).  1879.— This  work, 
noticed  already  by  the  present  writer  in  this  Journal,  has  happily 
at  length  maae  its  appearance  in  very  handsome  form,  and  com- 
mends itself  to  all,  at  least  to  cryptogamic  botanists.  It  is  impos- 
nble  to  question  either  the  care  or  the  sincerity  of  the  author ; 
and  if  any  views  on  the  topic  of  this  memoir  demand  attention 
from  those  qualified  to  consider  them,  certainly  his  do.  Further 
notice  must  be  postponed.  e.  t. 

4.  BuUetin  of  the  United  States  Geological  and  Qeoaraphical 
Survey  of  the  Territories ;  F.  V.  Hayden,  Geologist-m-charge. 
Vol.  V,  No.  8,  331-620  pp.  Washington,  1879.— This  number 
contains. the  following  papers:  on  the  species  of  the  senus  Has- 
saris,  by  J.  A.  Allen  :  the  American  Bembicid^ ;  Tnbe  Stizini, 
by  W.  H.  Patton  ;  list  of  a  collection  of  aculeate  Hymenoptera 
made  by  S.  W.  Williston  in  northwestern  Kansas,  by  W.  H. 
Patton  ;  further  notes  on  the  Ornithology  of  the  Lower  .Rio 
Grande  of  Texas  from  observations  made  in  the  Spring  of  1878, 
by  G.  B.  Senxett,  edited  by  Dr.  Elliott  Coues  ;  additional  lists 
of  elevations,  by  Henry  Gannett;  generic  arrangement  of  bees 
allied  to  Melissodes  and  Anthophora,  by  W.  H.  Patton  ;  anno- 
tated list  of  the  birds  of  Michigan,  by  Dr.  Mobbis  Gibbs  ;  the 
Coleoptera  of  the  Alpine  Rocky  Mountain  Region,  part  II,  by 
John  L.  LeConte,  M.D. 

5.  Mittheilungen  aus  der  Zoologischen  Station  zt€  Nieapel,  zu- 
gleich  ein  Repertorium  fdr  Mittelmeerkunde.  Vol.  i»  in  4  num- 
bers. 592  pp.  8vo,  with  18  plates.  Leipzig,  1879.  Wilhelm 
Engeimann.) 

6.  Bidletin  of  the  Museum  of  Comparative  Zoology  at  Harvard 
College^  Cambridge,  Vol.  v,  number  16.  On  the  Jaw  and  Lingual 
Dentition  of  certain  terrestrial  MoUusks,  by  W.  G.  Binney. 
331-368  pp.,  with  2  plates.     Cambridge,  1879. 

7.  Paleozoic  Cockroaches :  A  complete  revision  of  the  Species 
of  both  Worlds,  with  an  essay  toward  their  classification  ;  by 
Samuel  H.  Scudder.     134  pp.  4to,  with  6  plates.     Boston,  1879. 

i Memoirs  of  the  Boston  Society  of  Natural  History,  vol.  iii,  part 
,  number  3). 

8.  Insects  from  the  Tertiary  Beds  of  the  Nicola  and  Similk- 
ameen  Bivers,  British  Columbia;  by  S.  H.  Scudder.  (Geol. 
Survey  of  Canada,  1877-78.) 

IV.   Astronomy. 

1.  On  the  Secular  Changes  in  the  elements  of  the  orbit  of  a 
Satellite  revolving  about  a  planet  distorted  by  'Tides;*  by  G.  H. 
Darwin. — The  investigation  which  forms  the  subject  of  this  paper 
is  entirely  mathematical,  and  is  therefore  not  of  a  kind  to  be  easily 
condensed  into  a  short  account. 

This  paper  is  the  fifth  of  a  series  (of  which  notices  have  from 
time  to  time  appeared  in  Nature)  in  which  I  have  endeavored  to 

*  Abstract  of  a  paper  read  before  the  Rojal  Societ7,  on  December  18^  1819. 
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trace  the  Tarioas  effects  on  the  oonfifforation  of  a  planet  and  sat- 
ellite, which  must  result  from  tidal  friction — the  tides  in  the  planet 
being  either  a  bodily  distortion  or  oceanic.  The  inveatigatiani 
are,  I  think,  not  without  interest  as  a  branch  of  pure  dynamios, 
but  this  side  of  the  subject  is  too  complicated  to  be  made  intelli- 
gible without  mathematical  notation,  and  it  would  occupy  too 
much  space  to  explain  the  methods  of  treatment. 

There  is,  however,  another  side  of  the  subject,  which  must,  I 
think,  attract  notice,  or  at  least  criticism,  and  this  is  the  applica* 
bility  of  the  results  of  analysis  to  the  history  of  the  earth  and  of 
the  other  planets. 

We  know  that  no  solids  are  either  perfectly  rigid  or  perfectly 
elastic,  and  that  no  fluids  are  devoid  of  internal  friction,  and  there- 
fore the  tides  raised  in  any  planet,  whether  consisting  of  ooeanie 
tides  or  of  a  bodily  distortion  of  the  planet,  must  be  subject  to 
friction.  From  this  it  follows  that  the  dynamical  investigations 
must  be  applicable  to  some  extent  to  actual  planets  and  satellites. 
For  myself,  I  believe  that  it  sives  the  clue  to  the  history  of  the 
system,  but  of  course  an  ample  field  for  criticism  is  here  opened. 

The  investigation  is  intended  to  be  more  especially  applicable 
to  the  case  of  the  earth  and  moon,  and  therefore,  instead  of  planet 
and  satellite,  the  expressions  earth  and  moon  are  used. 

The  effect  of  tidal  friction  upon  the  eccentricity  and  inclination 
of  the  lunar  orbit  here  affords  the  principal  topic.  The  obliquity 
of  the  ecliptic,  the  diurnal  rotation  of  the  earth,  and  the  moon  s 
periodic  time  were  considered  in  a  paper  read  before  the  Royal 
Society  on  December  19,  1878,  and  which  will  appear  in  the  Phil- 
osophical Transactions  for  1879. 

The  present  paper  completes  (as  far  as  I  now  see)  the  main  in- 
vestigation for  the  case  of  the  earth  and  moon,  and  therefore  it  is 
now  possible  to  bring  the  various  results  to  a  focus. 

It  appears  then,  that  when  we  trace  backward  in  time  the 
changes  induced  in  the  system  of  the  earth  and  moon  by  tidal 
friction,  we  are  led  to  an  initial  state  which  is  defined  as  follows : — 

The  earth  and  moon  are  found  to  be  initially  nearly  in  contact; 
the  moon  always  opposite  the  same  face  of  the  earth,  or  moving 
very  slowly  relatively  to  the  earth's  surface ;  the  whole  system 
rotating  in  from  two  to  four  hours,  about  an  axis  inclined  to  the 
normal  to  the  ecliptic  at  an  angle  of  11°  45',  or  somewhat  less; 
and  the  moon  moving  in  a  circular  orbit,  the  plane  of  which  is 
nearly  coincident  with  the  earth's  equator. 

This  initial  configuration  suggests  that  the  moon  was  produced 
by  the  rupture,  in  consequence  of  rapid  rotation  or  other  causes, 
of  a  primeval  planet,  whose  mass  was  made  up  of  the  present  earth 
and  moon.  The  coincidence  is  noted  in  the  paper,  that  the  short- 
est period  of  revolution  of  a  fluid  mass  of  the  same  mean  density 
as  the  earth,  which  is  consistent  with  an  ellipsoidal  form  of  equi- 
librium, is  two  hours  twenty-four  minutes ;  and  that  if  the  moon 
were  to  revolve  about  the  earth  with  this  periodic  time,  the  sur- 
faces of  the  two  bodies  would  be  almost  in  contact  with  one  another. 
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ptare  of  the  primeval  planet  into  two  parts  is  a  matter 
ation,  but  if  a  planet  and  satellite  be  given  in  the  initial 
ition  above  described,  then  a  system  bearing  a  close 
nee  to  our  own,  would  necessarily  be  evolved  under  the 

of  tidal  friction. 

.eory  postulates  that  there  is  not  sufficient  diffiised  matter 
[ally  resist  the  motions  of  the  moon  and  earth  through 
sufficient  lapse  of  time  is  also  required.  In  a  previous 
bowed  that  the  minimum  time  in  which  the  system  could 
:raded  from  one  initial  state,  lust  after  the  rupture  into 
es,  down  to  the  present  state,  if  fifty-four  millions  years. 
e  actually  occupied  by  the  changes  would  certainly  be 
iger. 

ears  to  me  that  a  theory,  reposing  on  a  vera  causUy  which 
to  quantitative  correlation  the  lengths  of  the  present  day 
th,  the  obliquity  of  the  ecliptic  and  the  inchnation  and 
ity  of  the  lunar  orbit,  must  have  considerable  claims  to 
ce. 

stated  that  the  periodic  times  of  revolution  and  rotation 
oon  and  earth  might  be  traced  back  to  a  common  period 

two  to  four  hours.  In  a  previous  paper  the  common 
as  found  to  be  a  little  over  five  hours  in  length ;  but  that 
LS  avowedly  based  on  a  partial  neglect  of  the  sun's  attrac- 
t  this  paper  certain  further  considerations  are  adduced, 
low  that,  while  the  general  principle  remains  intact,  yet 
non  period  of  revolution  oi  the  earth  and  moon  must 
have  been  shorter  than  five  hours  to  an  amount  which  is 
1,  but  is  probably  large.     The  period  of  from  two  to  four 

here  assigned,  because  it  is  mechanically  impossible  for 
1  to  revolve  about  the  earth  in  less  than  two  hours,  and 
jrtain  how  the  rupture  of  the  primeval  planet  took  place, 
tidal  friction  has  been  the  agent  by  which  the  eartn  and 
ive  been  brought  into  their  present  configuration,  then 
hanges  must  have  been  going  on  in  the  other  bodies 
lake  up  the  solar  system.  I  will  therefore  make  a  few 
on  the  other  satellites  and  planets. 

first  place  it  is  in  strict  accordance  with  the  theory,  that 
1  should  always  present  the  same  face  toward  the  earth, 
tz,  was,  I  believe,  the  first  who  suggested  tidal  firiction  as 
?  of  tlie  reduction  of  the  moon's  axial  rotation  to  identity 

orbital  motion.     It  is  interesting  to  note  in  this  eonnec- 

the  telescope  seems  to  show  that  the  satellites  of  Jupiter, 

at  least  of  the  satellites  of  Saturn,  also  have  the  same 

recess  by  which  tidal  friction  brings  about  the  changes  in 
iguration  of  a  planet  and  satellite  is  a  destruction  of 
or  rather  its  partial  conversion  into  heat  within  the  planet, 
tial  redistribution),  and  a  transference  of  angular  mo- 
from  that  of  planetary  rotation  to  that  of  orbital  revolu- 
be  two  bodies  about  their  common  center  of  inertia. 
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Now  a  large  planet  has  both  more  energy  of  rotation  and  more 
angular  momentum ;  hence  it  is  to  be  expected  that  large  planeti 
should  proceed  in  their  changes  more  slowly  than  small  ones. 

Mars  is  the  smallest  of  the  planets,  whicn  are  attended  by  sat- 
ellites, and  it  is  here  alone  that  we  find  a  satellite  revolving  faster 
than  the  planet  rotates.  This  will  also  be  the  ultimate  fate  of  our 
moon,  because  after  the  ioint  lunar  and  solar  tidal  friction  has 
reduced  the  earth's  rotation  to  an  identity  with  the  moon's  orbital 
motion,  the  solar  tidal  friction  will  continue  to  reduce  it  still  im- 
ther,  so  that  the  earth  will  rotate  faster  than  the  moon  revolves. 

Before,  however,  this  can  take  place  with  us,  the  moon  most 
recede  to  an  enormous  distance  irom  the  earth,  and  the  earth 
must  rotate  in  forty  or  fifty  days  instead  of  in  twenty-four  boars. 
But  the  satellites  of  Mars  are  so  small,  that  they  would  only 
recede  a  very  short  way  from  the  planet,  before  the  solar  tidal 
friction  reduced  the  planet's  rotation  below  the  satellite's  revolih 
tion.  The  rapid  revolution  of  the  inner  satellite  of  Mars  may 
then,  in  a  sense,  be  considered  as  a  memorial  of  the  primitive 
rotation  of  the  ])lanet  round  its  axis. 

The  planets  Jupiter  and  Saturn  are  very  much  larger  than  the 
earth,  and  here  we  find  the  planets  rotating  with  great  speed,  and 
the  satellites  revolving  with  short  periodic  times.  The  inclina- 
tions of  the  orbits  of  Jupiter's  satellites  to  their  "  proper  planes" 
are  very  interesting  from  the  point  of  view  of  the  present  theory. 

The  Saturnian  system  is  much  more  complex  than  that  of 
Jupiter,  and  it  seems  partially  in  an  early  stage  of  development 
and  partially  iar  advanr^ed. 

The  details  of  the  motions  of  the  satellites  are  scarcely  well 
enough  known  to  afibrd  strong  arguments  either  for  or  against 
the  theory. 

I  have  not  as  yet  investigated  the  case  of  a  planet  or  star 
attended  by  several  satellites,  but  perhaps  future  investigations 
may  throw  further  light  both  on  the  case  of  Saturn,  and  on  the 
whole  solar  system  itself. 

The  celebrated  nebular  hypothesis  of  Laplace  and  Kant  sup- 
poses that  a  revolving  nebula  detached  a  ring,  which  ultimately 
became  consolidated  into  a  planet  or  satellite,  and  that  the  central 
portion  of  the  nebula  continued  to  contract,  and  formed  the 
nucleus  of  the  sun  or  planet.  The  theory  now  proposed  is  a  con- 
siderable modification  of  this  view,  for  it  supposes  that  the  rup- 
ture of  the  central  body  did  not  take  place  until  it  was  partially 
consolidated,  and  had  attained  nearly  its  present  dimensions. 

f  do  not  pretend,  in  these  remarks,  to  have  thoroughly  discussed 
the  cases  of  the  other  planets,  and  have  only  drawn  attention  to 
a  few  salient  features ;  in  the  paper  itself  the  subject  is  considered 
at  greater  length.  It  will,  however,  I  think,  be  admitted  that  the 
theory  agrees  with  some  remarkable  facts  in  the  solar  system. — 
Nature^  Jan.  8. 

2.  Earthquakes  and  the  Planets, — Mr.  J.  Delauney  has  pre- 
sented  to   the    Paris   Academy   of    Sciences   some   new   results 
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obtained  from  a  study  of  Perrey's  tables  of  earthquakes  from  1760 
io  1842.  He  fiuds  two  groups  of  Maxima,  commenciug  iu  1759 
wd  1766  respectively,  each  with  a  period  of  about  twelve  years; 
iDd  two  other  groups,  commencing  m  1766  and  1773  respectively, 
irith  a  period  of  about  twenty-eight  years.  He  remarks  that 
those  of  the  first  two  groups  coincide  with  the  times  when  Jupiter 
peaches  the  mean  longitude  of  265°  and  135° ;  while  those  ox  .the 
last  two  coincide  with  the  times  when  Saturn  reaches  the  same 
longitudes ;  whence  he  infers  that  terrestrial  earthquakes  have  a 
maximum  when  these  planets  are  in  the  mean  longitudes  men- 
bioned.  Delauney  attributes  the  increased  number  of  earthquakes 
b  winter  which  l^errey  has  found  to  reach  a  maximum  in  Novem- 
ber, to  the  passage  of  the  earth  at  that  time  through  swarms  of 
meteoTB ;  and  in  like  manner  supposes  the  influence  of  Jupiter 
ud  Saturn  to  be  due  to  their  passing  through  meteor  streams 
ntoated  in  mean  longitudes  135°  and  266°.  As  a  consequence  of 
this  be  ventures  to  predict  an  increased  number  of  earthquakes  in 
the  years  1886,  1891,  1898,  1900,  etc.  c.  g.  r. 

.3.    77ie  Prohlem  of  the  Ihiripus, — The  tides  in   this  narrow 
itrait  between  Enboea  and  the  mainland  of  Greece,  have  from 
elasaic  times  been  a  scientific  puzzle,  for  which  a  solution  has 
been  recently  suggested  by  M.  Forel,  in  a  paper  before  the  Paris 
Aeademy  of  Sciences.     The  currents  through  the  strait  are  some- 
times ^  regular "  and  sometimes  "irregular."     When  "regular," 
the  direction   changes  four   times   in   the   lunar   day.      When 
"  irregular,"  the  changes  number  from  eleven  to  fourteen  or  even 
more  in  a  lunar  day.     The  current  is  "  irregular"  from  the  7th  to 
13th  and  from  the  2l8t  to  26th  day  of  the  lunar  month,  or  at  the 
times  of  quadrature^  and  "  regular"  the  rest  of  the  time,  or  about 
the  tyzygies, 

M.  Forel  attributes  the  "regular"  tides  to  the  ordinary  tides  of 
the  i£gean  Sea,  which  would  be  stronger  at  the  syzygies.  The 
•^irregular"  tides *he  thinks  are  due  to  seiches  in  the  channel  of 
Talauda  (which  forms  a  nearly  closed  lake  to  the  northwest  of 
Euripus),  these  prevailing  over  the  weaker  -^gean  tides  of  the 

Joadratures.      from  a  ten  years  study  of  the  seiches  of  Lake 
leman,  M.  Forel  has  derived  a  formula  to  represent  their  time  of 

vibration.     This  formula,  (<=——-,  in  which  /^length  and  A  = 

depth  of  the  lake),  when  applied  to  the  channel  of  Talauda,  whose 
length  is  116  kilometers  and  maximum  depth  200  fathoms,  gives 
for  the  time  of  vibration  122,  100,  and  86  minutes,  according  as 
the  mean  depth  is  taken  at  100,  150  or  200  fathoms.  These 
results  agree  well  with  the  observation  of  eleven  to  fourteen  tides 
per  day,  (which  would  give  from  135  to  106  minutes  for  a  single 
vibration),  and  would  seem  to  confirm  M.  Forel's  idea.     c.  g.  r. 

4.  The  American  Ephemeris  and  Nautical  Almanac  for  the 
year  1882.  Washington,  1879. — In  this  volume  of  the  National 
Epbemeris,  Professor  Newcomb  has  introduced  several  important 
cbanges,  which  were  suggested  by  him  and  approved  by  a  com- 
^ttee  of  the  National  Academy  of  Sciences. 
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The  Tolume  is  dow  made  to  consist  of  three  parts:  Ist^the 
ephemeris  for  the  meridian  of  Greenwich ;  2d,  the  ephemeris  for 
tne  meridian  of  Washington  ;  3d,  predictions  of  phenomena  to  be 
observed,  with  data  for  their  computation.  The  principal  addi- 
tions consist  of  the  mean  places  of  about  180  stars,  making  883  in 
all,  for  the  convenience  of  field  astronomers,  more  complete  dati 
for  eclipses,  data  about  the  transit  of  Venus,  and  largely  increased 
information  about  the  satellites  of  the  planets. 

6.  Aurorm:  their  Characters  and  Spectra;  by  J.  Rand  Capboit. 
F.R.A.S.  207  pp.  4to.  London,  1870.  (E.  &  F.  N.  Spon.)-- 
The  subject  of  the  Aurora  Borealis  is  one  of  popular  as  well  as 
scientific  interest,  and  this  work  by  Mr.  Capron  not  only  presents 
it  in  a  way  to  be  entertaining  to  the  general  reader  but  also  of 
great  value  to  the  scientific  worker.  After  a  few  pages  devoted 
to  the  historical  part  of  the  subject,  the  author  goes  on  to  describe 
in  detail  a  number  of  specific  auroral  displays  of  especially  remark- 
able character,  and  with  them  the  various  attendant  phenomeniL 
The  latter  half  of  the  work  is  devoted  to  the  discussion  of  the 
spectrum  of  the  aurora,  and  the  various  magneto-electric  experi- 
ments that  have  been  made  which  tend  to  throw  light  upon  its 
cause.  The  various  theories  that  have  been  advanced  to  accoaot 
for  the  aurora  are  mentioned.     The  book  is  published  through  the 

Erivate  liberality  of  Mr.  Capron,  and  in  respect  to  the  number  and 
eauty  of  the  chromos  and  other  illustrations  deserves  very  high 
praise. 

V.   Miscellaneous  Scientific  Intelligence. 

1.  United  States  Mensuration  Surveys, — The  necessity  for  an 
organization  in  the  Government  to  have  charge  and  execution  of 
all  geodetic,  geographical  and  topographical  work  of  the  whole 
country,  in  accordance  with  the  recommendation  of  the  Academy 
of  Sciences  to  Congress  at  the  last  regular  session,  becomes  more 
and  more  apparent  the  more  closely  the  subject  is  studied.  At 
the  present  time  nearly  all  the  States  have  their  Geological  Sur- 
veys 80  far  advanced  that  nothing  further  can  be  done  until  these 
States  are  completely  mapped  by  triangulation  and  topography 
on  a  sufficiently  large  scale.  Such  a  survey  is  of  great  import- 
ance to  every  one  owning  an  acre  of  ground ;  by  it  all  boundary 
disputes  could  easily  be  settled  ;  every  farmer  would  have  a  com- 
plete survey  of  his  farm,  with  all  undulations  of  surface  given 
and  its  relations  to  the  adjacent  I'anns,  streams,  woodlands  and 
hills.  There  is  no  question  that  by  the  concentration  of  the  classes 
of  work  referred  to  in  one  organization,  with  its  unity  of  purpose 
and  action,  great  economy  would  i-esult  in  the  execution  of  the 
work  over  a  given  area,  with  the  certainty  that  every  separate 
area  so  surveyed  would  ultimately  join  as  a  part  of  the  whole 
with  the  accuracy  attainable  only  by  scientific  processes  of  pre- 
cision. 

It  is  quite  certain  that  large  areas  of  the  public  domain,  unfit 
for  purely  agricultural  purposes,  could  be  more  economically  and 
accurately  surveyed,  for  purposes  of  sale,  by  triangulation  than 
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the  preseDt  system  (so  admirably  adapted  to  agricaltaral 
ds),  with  the  additional  advantage  of  obtaining  an  accurate 
p  without  additional  cost. 

me  triangulation  part  of  the  Geodetic  Survey,  with  the  recon- 
isaDce  for  progressive  work,  executed  by  the  Coast  Geodetic 
Tey  now  covers  one-third  of  Maine,  two-thirds  of  New  Hamp- 
«,  one-third  of  Vermont,  one-half  of  Massachusetts,  one-half  of 
mecticut,  two-thirds  of  New  Jersey,  one-quarter  of  Pennsylva- 
,  ooe-qaarter  of  Maryland,  one-third  of  Virginia,  one-quarter  of 
rth  Carolina,  South  Carolina,  Georgia  and  Alabama,  one-sixth  of 
fiissippi,  one-sixth  of  Tennessee,  one-fiflh  of  Kentucky,  one-tenth 
>hio,  one-tenth  of  Indiana,  one-tenth  of  Illinois,  one-sixth  of  Mis- 
ri,  one-fifth  of  Wisconsin,  one-sixth  of  Colorado,  one-sixth  of 
^ada  and  Utah,  one-fifth  of  California ;  and  the  triangulation  of 
Lake  Survey  is  complete  along  the  American  shores  of  Lakes 
;ario,  Erie,  Huron,  Michigan  and  Superior,  and  across  Michi- 
I  between  Lakes  Erie  and  Michigan.  By  joining  this  smaller 
rk  with  that  first  mentioned,  there  will  be  formed  a  complete 
is  for  the  extension  of  the  triangulation  over  every  State  and 
ritory  except  Alaska.  It  thus  appears  that  no  new  organiza- 
1 18  required,  but  simply  the  extension  of  one  already  in  exist- 
e,  famUiar  with  the  work,  and  conducted  by  experienced  and 
led  persons. 

lie  ultimate  cost  of  such  a  survey  is  sometimes  stated  as  an 
ection  to  a  system  so  complete,  but  this  cost  is  greatly  exag- 
ated  in  popular  opinion.  In  the  older  States  where  many 
ails,  such  as  houses,  roads,  clearings,  villages  and  towns  exist, 

average  cost,  as  nearly  as  can  be  computed  by  past  experi- 

e,  would  not,  except  in  cases  of  the  large  towns,  exceed  seven 
its  per  acre.  This  expense  should  be  divided  between  the  Gen- 
1  Government  and  the  State,  the  Government  executing  the 
mgalation  and  that  part  of  the  topography  required  to  deline- 
!  the  characteristic  forms  of  the  country,  including  the  streams ; 
!  State  to  execute  the  remainder  of  the  topographical  detail 
[uired  for  its  own  purposes.  In  such  case  the  cost  to  the  State 
aid  not  exceed  tnree  cents  per  acre.  To  this  an  exception 
St  be  made  in  cases  of  large  towns,  where  the  surveys  mignt  be 
uired  on  large  scales ;  the  cost  would  then  be  determined  by 

scale  of  the  work. 

X  is  to  be  hoped,  in  consideration  of  the  vast  importance  to  the 
mtry  of  a  comprehensive  survey  of  its  area,  that  this  session  of 
ogress  will  not  close  without  the  passage  of  a  law  carrying 
ly  into  eflfect  the  plan  recommended  by  tne  National  Academy 
Sciences  to  Congress  at  its  last  regular  session,  meeting  in  this 
pect  the  just  requirements  of  the  public  service,  with  a  new 
>arture  and  a  new  hope  of  increased  usefulness  to  our  whole 

>p\e.  BDS. 

f.  7%€  Arctic  Voyages  of  Adolf  Erik  Nordenskidld^  1858- 
'9,  with  illustrations  and  maps.  447  pp.  Svo.  London,  1879. 
acmillan  &  Co.) — The  general  interest  that  has  recently  been 
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excited  by  the  remarkably  successful  voyage  of  Professor  Nop- 
denski&ld,  around  the  north  coast  of  Asia,  cannot  fail  to  have 
awakened  a  desire  for  further  information  in  regard  to  his  earlier 
Arctic  explorations.  This  desire  will  be  satisfied  by  the  present 
volume,  prepared  by  Mr.  Alex.  Leslie,  of  Aberdeen.  It  opem 
with  an  autobiographical  sketch  of  Professor  NordenskiOld ;  then 
follow  accounts  of  the  Swedish  Arctic  Expeditions  of  1868,  1861, 
1864,  1868,  1873,  also  of  the  voyage  to  Greenland  in  1870,  in 
which  the  large  masses  6f  native  iron  were  discovered,  the  voyara 
to  the  Yenisscj  in  1875,  and  again  in  1876,  and  finally  a  partial 
account  of  the  Northeast  Passage  expedition  of  1878-1879,  in  the 
Vega.  The  accounts  are  intended  to  be  popular,  only  occasional 
brief  references  to  the  scientific  results  <»f  the  expedition  being 
introduced,  but  they  are  well  written  and  fully  illustrated.  The 
book  is  a  valuable  addition  to  the  many  fascinating  stories  of  Arc- 
tic exploration,  and  still  more  is  a  worthy  tribute  to  one  of  the 
ablest  explorers  who  has  entered  that  perilous  field. 

3.  Chart  of  the  Magnetic  Declination  of  the  United  States; 
by  J.  K  HiLGARD.  Washington,  1879.  (U.  S.  Coast  and  Geo- 
detic Survey,  Carlile  P.  Patterson,  Superintendent. — Appendix 
No.  21,  Report  of  1876.) — This  chart  of  the  magnetic  dechnation 
of  the  United  States  for  1875,  by  Professor  J.  E.  Hilgard,  is 
mainly  based  upon  the  Coast  Survey  observations  up  to  1877, 
together  with  observations  made  under  his  direction  at  200  sta- 
tions between  1872-77,  at  the  charge  of  the  Bache  Fund.  In 
addition  to  tliese  two  principal  sourc(»s,  use  has  also  been  made 
of  observations  taken  in  various  surveys  by  the  XJ.  S.  Engineers 
and  under  the  direction  of  the  General  Land  Office.  The  reduc- 
tion of  the  observations  to  a  common  date  has  been  based  on  the 
researches  of  Mr.  C-.  A.  Schott  on  the  secular  variation  of  the 
magnetic  de<*lination  in  the  United  States. 

4.  On  the  probable  Tempernture  of  the  Ih'iinordial  Oc^an  of  our 
Globe  ;  by  Robert  Matxkt,  F.R.S.,  F.G.S. — According  to  the 
latest  hypotheses  as  to  the  cjuantity  of  water  on  the  globe,  its 
pressure,  if  evenly  distriliuted,  would  be  equal  to  a  barometric 
pressure  of  20  4 '74  atmospheres.  Accordingly  water,  when  first  it 
began  to  condense  on  tlie  surface  of  the  globe,  would  condense  at 
a  much  hi^lier  temperature  than  the  ])resent  boiling-point  under 
ordinary  circumstances.  The  first  drops  of  water  formed  on  the 
cooling  surface  of  the  globe  may  not  imj)ossibly  have  been  at  the 
temperature  of  molten  iron.  As  the  water  was  precipitated,  con- 
densation of  the  remaining  vapor  took  place  at  a  lower  tempera- 
ture. The  primordial  atmosphere  would  be  more  oblate  and  less 
penetrable  hy  solar  heat  than  the  present,  and  the  difference  of 
temperature  between  ])olar  and  equatorial  regions  would  be 
greater ;  so  that,  in  the  later  geological  times,  ice  may  have  formed 
in  the  one,  while  the  other  was  too  hot  for  animal  or  vegetable 
life. — PhiL  Mag.^  Jan.,  1880. 

5.  How  to  Work  with  the  Microscope,     5th  edition,  enlarged 
and  revised.     518  pp.  8vo.      Philadelphia,  1880  (Presley  Blak- 
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on,  formerly  LindBay  &  Blakiston). — ^This  work  by  Lionel  S. 
tALKy  F.R.S.,  President  of  the  Royal  Microscopical  Society,  is 

invaluable  contribution  to  the  English  literature  on  the  micro- 
3pe.  The  well  known  4th  edition  has  been  completely  remod- 
3a ;  over  100  pages  of  new  matter  and  150  engravings  have 
en  added.  The  present  edition  is  not  only  a  text  book  but  an 
cyclopedia  of  the  microscope.  Of  the  new  material  published 
B  notice:  (Ij  bv  Prof.  Gulliver,  F.R.S.,  41  figures  of  plant  crys- 
\%  with  original  notes ;  (2)  by  Mr.  Wenham,  F.R.M.S.,  practical 
ggestions  connected  with  the  construction  of  object  glasses ;  (3) 
r  Mr,  H.  C.  Sorby,  F.R.S.,  additional  matter  on  spectro-micro- 
Dpy ;  (4)  by  Mr.  Frank  Rutley,  of  the  Geological  Survey,  con- 
se/clear  and  admirable  directions  for  the  microscopic  examina- 

rocks,  minerals  and  fossils,  illustrated  by  39  figures.  That 
>r(ion  of  the  last  edition  on  photography  by  Dr.  Maddox,  has 
len  revised  by  Dr.  Clifford  Mercer,  who  mentions  a  number  of 
cent  improvements  and  adds  a  complete  list  of  memoirs  on  the 
^plication  of  photography  to  the  microscope.  The  entire  work 
Ars  evidence  of  much  laborious  care  on  the  part  of  Dr.  Beale  in 
\  revision.     It  is  eminently  practical  in  its  methods;  a  self-help 

the  beginner  and  instructive  to  the  more  advanced  student  of 
e  microscope.  c.  a.  a. 

6.  The  American  Monthly  Microscopical  Journal,  £ditor 
id  Publisher,  Romyn  Hitchcock,  F.RM.S.  Vol.  i,  No.  1,  Janu- 
ry,  1880.  New  York. — The  new  monthly  is  in  fact  a  continuation 
r  the  Quarterly,  which  was  previously  carried  on  under  the  same 
iitor.  The  first  number  of  twenty  pages  contains  articles  on 
ew  species  of  Ophrydium;  on  the  Amplifiers  of  Zeiss;  on  fresh- 
rater  Algae ;  on  a  method  of  making  sections  of  insects  and  their 
ippendages ;  on  the  classification  of  Khizopods ;  with  also  editorial 
aotetf,  correspondence,  etc. 

7.  The  ^School  of  Mines  Quarterly;  Vol.  i.  No.  1,  New  York, 
1880. — This  new  Journal  is  issued  quarterly  under  the  auspices  of 
the  Chemical  and  Engineering  Societies  of  Columbia  College.  It 
promises  to  occupy  a  creditable  position  among  undergraduate 
periodicals.  The  first  number  contains  the  following  articles :  llie 
pedometer  as  a  surveying  instrument,  by  Prof.  H.  S.  Munroe ; 
Coffee  and  its  adulterations,  by  F.  Weichmann ;  Fire-brick  and 
Terra  cotta,  by  A.  M'L.  Parker;  Chloral,  by  A.  P.  Hallock; 
Building  Stones,  I,  by  J.  L.  Greenleaf ;  with  also  notes  on  Miner- 
alogy by  C.  A.  Colton,  E.M.  and  on  Physics  by  M.  C.  Ihlsing,  Ph.D. 

8.  (Catalogue  o/"  Uiatomacece^  by  Frkderick  Habirshaw, 
P.R.M.S.  (New  York:  Romyn  Hitchcock). — This  catalogue  is 
lesigned  to  be  a  complete  index  to  all  the  published  literature 
escribing  or  figuring  the  Diatomaceae.  It  is  stated  that  the  spe- 
les  will  be  arranged  alphabetically,  under  the  proper  genera 
jferriug  to  every  description  in  chronological  order.     The  work 

to  appear  in  four  parts  in  large  octavo,  and  its  unquestioned 
ilue  will  doubtless  be  appreciated  by  all  workers  in  this  field. 
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9.  Treatise  on  Fuely  scientific  and  practical;  by  Robert  Gait 
LOWAT,  M.RI.A.,  F.C.S.  136  pp.  8vo.  London,  1880.  rTrflbner 
&  Co.) — This  little  book  contains,  in  a  compact  form,  tne  more 
important  facts  in  regard  to  the  properties  of  the  different  kindi 
of  fuels,  their  heating  power  and  tne  calorimetric  methods  bj 
which  it  is  determined ;  also  a  chapter  on  pyrometers,  and  another 
on  the  Siemens  regenerative  gas  furnace.  The  work  is  arranged 
with  a  view  to  being  used  in  instruction,  while  at  the  same  time 
valuable  to  the  practical  manufacturer. 

10.  Petroleum, — Mr.  C.  A.  Ashburnrr,  in  a  lecture  in  the 
Franklin  Institute  course,  upon  the  subject  of  petroleum,  stated 
that  he  estimated  that  Pennsylvania,  from  the  discovery  of  oil  bj 
Col.  Drake,  in  1859,  to  the  end  of  1879,  had  produced  in  the 
aggregate  188,262,639  barrels  of  crude  oil,  from  tne  sale  of  which 
the  State  has  realized  $340,709,672.  The  theory  that  the  Penn- 
sylvania oils  are  derived  entirely  from  the  decomposition  of  the 
vegetable  and  animal  life  of  the  Devonian  age,  and  that  the  oil 
sands  are  but  reservoirs  holding  the  oil,  Mr.  Ashbumer  thinks 
established  beyond  a  doubt  by  facts  gathered  from  the  oil  min». 

OBITUARY. 

Alexander  Sadebbck,  Professor  of  Mineralogy  at  the  Unive^ 
sity  of  Kiel,  and  author  of  many  papers  upon  mineralogical  rab- 
jects,  died  on  the  9th  of  December,  1 879,  at  the  age  of  thirty-six. 
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APPENDIX. 


XXI. — The  Limbs  of  Sauranodon^  with  Notice  of  a 
new  Species^  by  O.  C.  Marsh. 

E  the  first  species  of  the  present  genus  {Scmranodon 
I  was  described  by  the  writer,*  eight  other  specimens  of 
le  group  have  been  discovered,  and  are  now  in  the  Yale 
n.  In  three  of  these,  the  skull  is  preserved,  but  there 
[  no  indications  of  teeth,  so  that  we  may  consider  these 
\  as  entirely  edentulous.  The  skull  shows  many  points 
mblance  to  that  of  Ichihyosaurus,  The  vertebrge,  also, 
y  similar  to  those  in  that  genus. 

e  characters  of  the  limbs,  Saura/nodon  presents  some  f  ea- 
f  special  interest.  The  anterior  and  posterior  limbs  are 
veioped,  and  adapted  for  swimming.  These  extremi- 
less  specialized  than  those  in  any  other  known  verte- 
bove  the  Fishes. 

e  fore  paddle,  the  humerus  alone  is  differentiated.  Be- 
s,  the  bones  of  the  forearm,  the  carpals,  metacarpals, 
Ganges  are  essentially  rounded,  free  disks,  implanted  in 
mitive  cartilage.  The  radius  may  perhaps  be  regarded 
rtial  exception,  as  its  free  margin  is  nearly  straight,  and 
lat  thinner  than  the  remaining  border.  There  are  three 
»f  nearly  equal  size  in  the  first  row  below  the  humerus, 
dius  may  be  identified  with  certainty  by  its  position, 
xt  bone  evidently  coiTesponds  to  the  intermedium,  and 
rd,  or  outer  one,  to  the  ulna.  In  the  succeeding  row, 
re  four  subcircuJar  bones,  and  five  in  the  next  series, 
represent  the  carpals.  There  are  six  metacarpals,  and 
:  well  developed  digits,  each  composed  of  numerous 
res,  which  are  all  free,  and  nearly  circular  in  form. 
le  posterior  limb,  the  structure  is  essentially  the  same, 
ital  end  of  the  femur  has  three  distinct  facets,  and  of 
he  middle  one  is  the  largest.  Next  below  the  femur, 
iculating  with  it,  are  three  bones  which  apparently  rep- 
the  tibia,  intermedium,  and  fibula,  although  the  first 
ian  be  determined  from  its  shape  and  position.  The 
'W  contains  four  rounded  bones ;  and  the  succeeding  one, 

♦  This  Journal,  vol.  xvii,  p.  85,  Jan.,  1879. 
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five,  as  shown  in  the  cat  below.  Tlieae  correspond  to  the 
sals,  and  in  the  next  seriee  are  the  six  metatarsals.  Then 
Biz  digits  represented  in  this  specimen.  The  distal  phala 
are  small  and  ciraolar,  and  are  left  unshaded,  as  their  € 
position  has  not  been  determined. 

OOooo 
OOOOOo; 
_   ©OOOoo^v 

% OOOOO 

ngure  1.  Left  hind  paddle  of  Sawartodan  dttctu,  Marah;  eaea  ftom  t 
one^ighth  natural  aiza ;  /,  femur ;  I,  tdbia ;  ■',  iDtenaedium ;  /',  Sbula ;  , 
digit;    V,  flith  digit 

The  above  ficrure  agrees  essentially  with  the  other  pa( 
preserved,  and  tiiDS  maj  be  taken  to  represent  the  typical 
m  this  gronp  of  reptiles.  The  most  striking  features  in 
SauruLodon  limb  are,  the  three  bones  articulating  with 
femur,  and  the  six  complete  digits.  These  characters  ma 
stage  of  development  below  that  seen  in  any  other  air-breat 
vertebrate,  and  only  approached  by  the  limb  of  Ichthyoaax 
The  transverse  segmentation  is  distinct  in  the  first  five  m 
regarding  the  humerus  and  femur  as  the  first  segraeni 
propodial  bones.*  If  the  three  bones  of  the  second  series 
podiala)  are  rightly  interpreted,  the  middle  one  is  the  inte 
dium.  Its  position  in  the  paddles  of  Saurarwdon  of  boti 
known  species  indicates  that  its  true  plac^  is  in  the  segi 
where  it  is  found.  If  so,  it  follows  that  in  the  procet 
differentiation  tliis  bone  has  been  gradually  crowded  out  o 
original  position  between  the  marginal  bones  of  the  secom 
epipodial,  series  into  the  third,  or  mesopodial,  where  we 
find  it. 

*  The  need  of  general  designatiooa  to  applj  to  the  correBponding  aegmentt 
of  the  anterior  and  posterior  limbs  of  the  air-breathing  vertebratea  ie  ev 
Wliile  we  have  the  convptiient  lerms  "  Phalanges"  Kod  "  Matapodials"  for  tb 
tal  parts  of  the  eitremitiea,  there  are  no  nameB  in  use  for  the  portiona  a 
Hence,  the  following  are  euggested: 

AaierioT.  Posterior. 

Propodial  bones  ~  Humerua,  Femur. 

Epipodial      "      "  Ra<liu8  and  Ulna,     Tibia  and^Fibula. 

Meaopodial   "      "  Carpala,  Taraala 

Uetapodial    "      "  Metacarpals,  IMetataraalB. 

Phalangial  j"      "  Knger  bones,         '  Toe  bones. 


O.  C.  Marsh — Limbs  of  Sav/ra/nodon.  171 

In  lehthyasav/rus^  the  intermedium  is  not  entirely  excluded 
from  the  epipodial  row ;  in  Plesiosaurus  and  all  other  reptiles 
the  process  is  essentially  completed.  In  some  Amphibians, 
Hm  bone  still  separates  the  lower  ends  of  the  two  specialized 
bones  above  it.  8a/u/ranodon  marks  an  earlier  and  most  inter- 
esting stage  in  the  differentiation,  and,  taken  in  connection 
with  the  examples  here  cited,  indicates  clearly  how  the  trans- 
ition was  accomplished. 

The  six  complete  digits  in  the  limbs  of  Saurcmodon  is  a 
character  not  before  observed  in  any  air-breathing  vertebrate. 
Some  of  the  Amphibians  retain  remnants  of  a  sixth  digit,  and 
Ichthyosaurus  often  has,  outside  of  the  phalanges,  one  or  more 
rowB  of  marginal  ossicles  that  probably  represent  lost  digits. 
With  these  exceptions,  the  normal  number  of  five  digits  is  not 
exceeded. 

Sauranodon  discus^  sp.  nov. 

A  comparison  of  the  various  specimens  of  SaAiram^don  now 
known  indicates  two  distinct  species,  which  may  be  distin- 
gnished  afi  follows :  the  ^rpe  species  {8,  natams)  has  the  facial 
portion  of  the  skull  much  elongated,  and  the  snout  slender. 
ihevertebrsB  are  short,  and  deeply  concave,  in  fact,  almost  per- 
forate. The  head  of  the  humerus  is  but  verv  slightlv  convex. 
A  second  specimen,  which  agrees  in  its  mam  specific  charac- 
ters with  the  type,  has  a  subcircular  coracoid,  with  but  slight 
emargination. 

In  the  species  here  described,  which  is  based  upon  the 
greater  portion  of  a  skeleton,  the  coracoid  is  more  deeply 
emarginate,  and  the  head  of  the  humerus  rounded,  nearly  as 
nmch  as  that  of  the  femur.  The  paddles,  also,  are  broader 
in  proportion  te  their  size,  than  in  the  type  species,  and  other 
dinerences  are  apparent. 

The  present  specimen  indicates  a  reptile  about  twelve  feet  in 
length.  It  is  from  the  upper  Jurassic  of  Wyoming,  and  was 
found  in  the  series  of  marine  deposits  which  the  writer  has 
called  the  Sauranodon  beds.     This  is  a  well  marked  horizon. 

Yale  College,  New  Haven,  Jan.  24th,  1880. 
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Art.  XXIL — On  a  Chart  of  the  Magnetic  Declination  in  the 
United  States,  constructed^  by  J.  E.  HiLGARD,  Assistant  U.  S. 
Coast  and  Geodetic  Survey.     With  Plate  V. 

[From  the  United  States  Coast  Survej  Report  for  1876.] 

Sir  :  I  submit  to  you  herewith,  for  publication  in  the  Coast 
Survey  Report  for  1876,  a  chart  of  the  magnetic  variation  in 
the  United  States.  This  chart,  which  shows  the  lines  of  equal 
magnetic  declination  (so-called  Isogonic  lines)  for  the  year 
1875,  is  mainly  based  upon  the  observations  made  during  the 
progress  of  the  coast  survey  up  to  1877,  together  with  those 
made  under  my  personal  direction  during  the  period  1872-77, 
at  the  charge  of  the  fund  bequeathed  for  scientific  research  by 
the  late  Professor  Alexander  Dallas  Bache,  held  in  trust  by  the 
National  Academy  of  Sciences. 

When  the  income  of  this  fund  became  available  for  its 
objects,  I  proposed,  in  1871,  to  the  board  of  direction,  then 
consisting  of  Professors  Joseph  Henry,  Louis  Agassiz,  and 
Benjamin  Peirce,  that  a  portion  of  it  should  be  devoted  to  the 
investigation  of  terrestrial  magnetism  in  the  United  States,  that 
subject  being  one  in  which  Professor  Bache  had  taken  much 
interest,  and  in  the  investigation  of  which  he  had  been  person- 
ally engaged.  Moreover,  while  this  was  a  subject  of  general 
importance,  there  was  not  at  that  time  any  provision  made  for 
its  prosecution  on  the  part  of  the  government  The  board  of 
direction  having  approved  of  my  proposition,  an  allotment  was 
made  for  several  years  in  succession,  and  the  observations  were 
prosecuted  under  my  immediate  direction  by  observers  whom 
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//iis  wav  obsefv'^ ' 
,.it  about  200  staf^^^* 
/.irerior  countrv,  at  l-^  ,  ' 
.  .;,»/itiil    intensity  were  i**^ 
,r;7I   be   publislied  in  deiaV. 
.,Ai/  Academy  of  Sciences. 
'..  t\'« tension  of  the  scope  of  ik 
•    ,,^t'c  the  interior  countrv,  you\^n> 
^xjuiaite  magnetic  observations,  l\ic 
. ,  V/tichc  fund  deemed   it  best  to  ciose 
.      "v/itida  carrying  on,  and   to  j»ublisli  the 
■■.  .^wnost  avaihiblc  form,  beside  printing  ibe 
;    ,vesas  a  matter  of  record.     Such  pubUca- 
■;.■.■■'■  fitbctcd  by  combining  them  with  all  similar 
r,i'.^..:\^j giving  a  gra[)hic  rc])rcsentation  of  the  gen- 


^^•''k'   /A"'  '^'         compass;  wnicn  is  in 
7-^ ;;'i>^;  utility.     Since  the  data  obtaii 
r;*^;  (i.'^'^J /I  very  large  part  of  the  material   used,  an  early 
f'lJ'f'^ia  the  Coast  Survey  Report  is  thought  to   be  the 
^^i*^%itSLg^-<^^^^  niode  of  giving  the  results  to  the  country. 
^^•Icessixni  demands  made  upon   the  office  of   the  Coast 
/Tj^etic  Survey  for  information  relative  to  the  variation 
^^^pass  in  ililferent  i)arts  of  the  United  States  bear  evi- 
of^^^oi  ^^®  appreciation  in  which   is   held   the  similar  map 
Je^  fn  the  Coast  Survey  Eeport  for  18Go  and   published  in 
f^J^     The  present  map  cannot  fail   to  meet  acceptably  the 
'^^^ntly-incr(\ising  demand,  as  it  is  not  only  brought  up  to 
^ore  recent  date,  but  is   basud   upon   a  very  much  greater 
^  -jiber  of  exact  observations  in  the  interior. 
^  Xn  its  construction  I  have  made  use  of  all  available  data  up 
to  IS'^^'  illclu<li^L^  notably,  beside  the  two  principal  sources 
already  mcnlioncl,  the  magnetic  observations  made  in  connec- 
tion with  the  surveys  of  the  (ireat   Lakes  and   those  of  the 
l^'orthern  and  of  the   Northwestern  JJoundaries  by  the  United 
States  Kngiiieers.  and  those  ma<lc  under  the  direction   of  the 
General  Lan<l  Ollicc  in  tracinL*^  some  of  the  princij>al  meridians 
and  base-lines  for  the  surveys  of  the  public   lands  and  the 
boundaries  of  some  of  the  Territories.     Moreover,  some  very 
valuable  observations  liave  been  funiisheil  by  private  observers, 
which  will  be  specitietl  in  another  ]>lace. 

1  am  indebted  to  Mr.  A.  Lindenkohl,  chief  draughtsman  in 
the  Coast  and  Geodetic  Survey  Ollici',  for  his  valuable  aid  in 
the  frranhie  construction  of  the  IsoL^nie  linos. 

It  was  fortunate  that,  for  the  ctmstruction  of  this  chart,  the 
researches  of  my  colleague,  Assistant  Charles  A.  Schott,  on  the 
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^Jion  of  the  magnetic  declination  in  the  United 

^liable,  without  which  it  would  have  been  diffi- 

:he  observations  to  a  common  date,  with  some 

lacy.    His  latest  paper  on  this  subject,  printed 

je  found  very  useful  for  reference. 

.rate  publication,  it  will  probably  be  convenient  to 

6chott's  map,  illustrating  the  annual  change,  on  the 

;  side  of  the  chart  of  magnetic  declination,  in  order  to 

he  sheet  available  for  use  without  the  aid  of  an  explana- 

J.  E.  HILGARD, 
Assistant  Coast  and  Oeodetic  Survey. 

yARLiLE  P.  Patterson,  Superintendent 

oast  and  Geodetic  Survey  OflBce,  Washington,  D.  C,  July  1,  1879. 

ENDUM. — The  approximate  annual  change  of  the  declin- 
OT  the  epoch  1880  in  different  parts  of  the  country  is 
>elow,  as  deduced  from  the  map  accompanying  the  val- 
esearch  on  the  secular  variation  of  the  magnetic  declina- 
the  United  States,  etc.,  by  C.  A.  Schott  Appendix 
to  Coast  Survey  Report  for  1874,  third  edition,  1879. 
observed  amount  of  change  is  by  no  means  the  same 

f)laces  not  far  remote  from  each  other,  as  New  York 
adelphia.     In  grouping  together  a  table  of  the  present 
change  much  allowance  must  therefore  be  made  for 
e  local  peculiarities   that  have  not  been   ascertained, 
e  interior   States   the   information   is  very  scanty,   or 
ber  wanting. 

annual  change  is  expressed  in  minutes  of  arc,  a  +  sign 
ing  increase  of  westerly  or  decrease  of  easterly  declination. 


Locality.  Annual  change. 

«8tof +2' 

tenor 4-3 

apflhire +3| 

+6i 

ifletta,  eastern  part . .  +2^ 

isetts,  western  part.  .  +  3  to  4 

land  and  Connecticut.  +  3^ 

k,  Long  Island, -f-  2| 

rthern  and  west'n  part  +4^ 

sey -f-3 

ania -f-3f 

+2i 

B,  eastern  part +  2^ 

B,  western  part +2 

+2 

,  Mary  I'd,  and  Virginia  +3 

negative  sign  indicates  an  increase  of  easterly  declination. 

J.  E.  H. 


Locality.  Annual  cbange. 

West  Virginia +3^ 

N.  Carolina,  S.  Carolina,  Georgia  +  3^ 

Florida,  northern  part  - +3^ 

Florida,  southern  part +3^ 

Alabama,  Mississ.,  Gulf  coast  of  +3^ 

Louisiana,  eastern  part +3 

Louisiana,  western  coast +2 

Texas,  coast  of +2 

Texas,  southwestern  part 0 

Colorado +2^ 

Utah +  I 

New  Mexico  and  Arizona 0 

California,  coast  of —  I^ 

Oregon,  coast  of — 2to2^ 

Washizigton  Territory,  coast  of  —  2^to3 
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Art.  XXIIL — The  Old  River-beds  of  California  ;  by  JOSKPH 

LeContb. 

[Read  before  the  National  Academy  of  Sdenoea,  Oct  29,  1879.] 

Old  river-beds  are  found  in  nearly  all  countries  which  have 
been  affected  by  drift-agencies.  In  nearly  all  such  countries, 
too,  these  old  beds  are  filled  to  great  depths  with  river  deposit 
But  the  old  river-beds  of  California  are  in  several  respects  en- 
tirely unique.  In  most  other  countries,  as  for  example,  in  Eu- 
rope and  Eastern  United  States,  the  new  or  present  river-beds 
occupy  the  same  position  as  the  old ;  while  in  middle  Califor- 
nia the  rivers  have  been  displaced,  by  lava  flows,  from  their 
former  position  and  compelled  to  cut  entirely  new  channek 
Again  :  in  certain  portions  of  Europe  and  in  Eastern  United 
States,  the  old  river-beds  are  broad,  deep  troughs,  filled  some- 
times several  hundred  feet  deep  with  detritus,  into  the  upper 
parts  of  which  the  present  much  shrunken  streams  are  cutting 
their  narrower  channels  on  a  higher  level;  while  in  California 
the  displaced  rivers  have  cut  their  new  channels  2000  to  SOOO 
feet  deep  in  solid  slate,  leaving  the  old  detritus-filled  channels 
far  up  on  the  dividing  ridges.  In  northeastern  United  States 
the  drainage  system  has  remained  substantially  unchanged 
since  early  Tertiary,  or  even  still  earlier  times ;  while  in  middle 
California  the  Tertiary  drainage  system  seems  to  have  been 
obliterated  and  the  streams  have  been  compelled  to  carve  out 
to  a  much  deeper  level  an  entirely  new  and  independent  drain- 
age system,  having  the  same  general  direction  but  often  cutting 
across  the  former.  In  the  one  case  the  old  beds  underlie  the 
new,  while  in  the  other  they  overlook  them  from  the  tops  of  the 
neighboring  ridges.  Furthermore,  in  California  the  detritus 
which  tills  the  old  river-beds  is  nearly  alwaj's  capped  with 
lava  or  other  volcanic  material,  clearly  indicating  the  cause  of 
the  displacement  If  to  all  these  peculiarities  we  add  the 
usually  extreme  coarseness  of  the  detritus  which  fills  the  river- 
beds of  California,  consisting  as  it  does  largely  of  pebbles  and 
bowlders,  compared  with  the  fine  silts  which  fill  the  old  river 
channels  of  the  Eastern  coast,  and  we  will  see  how  marked  is 
the  contrast  in  many  respects. 

For  all  that  is  known  concerning  the  old  river-beds  of  Cali- 
fornia, we  are  up  to  the  present  time  almost  wholly  indebted  to 
Professor  Whitney.  Ilis  valuable  investigations  on  this  sub- 
ject were  published  in  the  first  volume  of  the  Geological  Sur- 
vey of  California  in  1865.  He  has  also  recently  published  a 
fuller  description  and  a  complete  map  of  them.  His  views 
have  therefore  been  before  the  scientific  public  for  man j  years, 
and  are  so  well  known  that  a  bare  enumeration  of  their  maia 
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features  is  all  that  is  required  here.  Whitney  shows :  1.  that 
there  is  in  California  an  old  river-system  entirely  diflferent  from 
the  present  river-system  ;  2.  that  the  old  channels  were  filled 
by  detritus,  and  the  detritus  covered  by  lava-streams ;  8.  that 
the  lava  flows,  completing  the  filling  of  the  channels,  diverted 
the  streams  and  forced  them  to  cut  for  themselves  new  chan- 
nels ;  4.  that  the  displaced  streams  cut  their  new  channels  to  a 
much  lower  level  than  the  old,  so  that  these  latter  are  now 
found  on  the  present  divides.  My  own  observations  entirely 
confirm  these  results,  and  they  form  therefore  my  starting 
point  Whitney  also  regards  the  old  detritus  as  the  representa- 
tive of  at  least  the  whole  Pliocene  and  the  Lava  flow  as  its 
closing  event  In  what  respects  my  own  views  are  an  exten- 
sion of  Whitney's,  and  in  what  respects  they  differ  from  them, 
will  be  sufficiently  indicated  in  what  follows. 

The  general  relation  of  the  old  and  the  new  beds  is  well 
shown  in  the  following  figures  taken  from  Geological  Survey 
of  California.  In  figure  1  the  old  and  new  beds  are  parallel, 
and  the  section  is  across  both  ;  while  in  figure  2  the  new  beds 
have  cut  across  the  old,  and  the  section  is  along  the  old  and 
across  the  new. 

This  peculiar  relation  of  the  old  to  the  new  river-beds  does 
not  characterize  the  whole  Pacific  slope,  but  only  the  aurifer- 
ous slate  belt  of  middle  California.  It  is  not  found  in  the 
Coast  Range,  nor  in   the  region  of   the   granite  axis  of  the 


Fio.  1. — Section  across  Table  mountain:  X,  lava;  iSf*S»,  sandstone;*  G^  old  gravel; 
river-bed ;  S^  slate  bed  rock ;  r,  present  river ;  y,  present  gravel 


Pio.  2. — Lava  stream  cut  through  by  modem  rivers:  aa^  basalt;  66,  volcanic 
ashes;  oc^  Tertiary;  dd,  Cretaceous;  i?i?,  direction  of  old  river-bed;  rr^  of 
new  river-bed. 

Sierra  Range.  Neither  is  it  found,  at  least  in  any  marked  de- 
gree, in  extreme  northern  California  nor  in  Oregon,  nor  yet  in 
southern  California.  It  seems  to  be  confined  mainly  to  the 
slate   belt  of  the   western  slope  of   the  Sierra   from  Plumas 

*  The  material  here  called  sandstone  is  a  cemented  river  sand.    It  is  usually 
covered  with  tufa  or  tqfaceons  conglomerate  and  this  l(^r  vri^  lava. 
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county  on  the  north  to  Tuolumiie  coanty  on  the  south  incla- 
sive,  a  distance  of  about  250  miles,  and  from  the  San  Joaqoin 
and  Sacramento  plains  on  the  west  to  about  4000  feet  elevation 
on  the  Sieri*a  slope  on  the  east,  a  breadth  of  about  36  miles. 

There  is  no  problem  in  California  geology  more  important,  and 
yet  none  more  difficult — none  more  enticing  and  yet  none  more 
baffling — than  the  mode  of  filling  of  the  old  river-beds  and  the 
cause  of  the  displacement  of  the  streams.  The  opportunitieB 
of  study  are  abundant,  for  in  many  places  the  ola  beds  have 
been  bared,  and  complete  sections  of  their  fillings  made  by  the 
operations  of  hydraulic  mining ;  but  the  phenomena  are  so  ex- 
tremely complex  and  difficult  of  interpretation  that  we  are  not 
yet  prepared  for  a  final  theory.  I  have  on  several  occasions 
utilized  my  vacations  by  the  study  of  these  old  channels  and 
their  fillings.  In  1877  I  examined  those  about  Forest  Hill;  in 
1878  those  in  Tuolumne  county.  Very  recently  under  the  in- 
telligent guidance  and  kind  assistance  of  Mr.  Hughes,  the  super- 
intendent of  the  Blue  Tent  mines,  I  have  made  a  more  ex- 
tended and  thorough  examination  than  ever  before.  Exten- 
sive gravel  deposits  exist  on  both  sides  of  the  South  Yuba 
Eiver  for  many  miles.  This  is  in  fact  the  finest  mining 
region  in  the  State.  I  went  up  one  side  and  down  the  other 
and  examined  these  in  succession.  I  wish  now  to  very  briefly 
present  the  conclusions  to  which  I  have  provisionally  come 
by  much  reflection  on  the  observations  made  on  this  and  on 
previous  occasions.  I  present  tliem  with  some  misgivings, 
well  knowing  that  much  more  complete  and  detailed  observa- 
tions are  necessary  before  an  entirely  satisfactory  theory  can  be 
reached. 

General  Descriptioiu 

It  is  well  known  that  in  hydraulic  mining  the  whole  thick- 
ness of  the  old  river-channel-fillings  is  worked  down  and  car- 
ried away  by  the  prodigious  force  of  the  hydraulic  jets.  In 
such  a  mine,  therefore,  we  always  have  the  old  bed  bared  over 
the  whole  area  cleared,  and  the  fillings  exposed  from  bottom  to 
top,  on  the  face  of  an  ever- receding  vertical  cliff  200  to  400 
feet  high. 

Tlie  Bed, — The  old  stream-bed  thus  exposed  has  a  shallow, 
trough-like  form,  i.  e.  is  lowest  in  the  middle  and  rises  gently 
on  both  sides.  These  higher  sides  of  the  trough  are  called  the 
**  rimsy  The  bed-rock,  which  is  usually  slate  with  nearly  ver- 
tical cleavage,  retains  usually  its  original  soundness  and  hard- 
ness, but  in  some  places  is  more  or  loss  decomposed,  and  some- 
times, while  retaining  its  form,  is  c<)ni])letely  changed  into 
{elastic  cla)'.  In  all  cases  it  is  worn  into  irregular  and  fantastic 
lollows  and  channels,  ami  often  into  deep  pot-holes.  As  there 
is  no  apparent  relation  between  the  hardness  or  softness  of  the 
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bed-rock  and  the  amount  of  wear,  it  is  certain  that  the  softening 
has  taken  place  since  the  filling.  The  surface-forms  of  the  b^- 
rock  are  precisely  such  as  are  always  produced  by  swift  cur- 
rents carrying  coarse  materials — precisely  such  as  are  now  pro- 
duced in  the  artificial  channels  througn  the  rim-rock  by  the 
rushing  torrents  loaded  with  pebbles  and  gravel,  resulting  from 
the  incessant  play  of  the  hydraulic  jets  against  the  cliff.* 
There  can  be  no  reasonable  doubt,  therefore,  that  these  trough- 
like depressions  are  really  the  old  channels  of  rushing  torrents 
loadeil  with  eroding  materials. 

The  general  form  of  the  wide,  shallow,  trough-shaped  chan- 
nels of  the  old  rivers  is  in  marked  contrast  with  the  deep, 
sharply  V-shaped  caflons  which  characterize  the  present  rivers 
in  the  same  region. 

The  filling. — The  clifi*  exposed  by  hydraulic  mining,  consists 
usually  from  bottom  to  near  the  top,  of  distinctly  but  irregu- 
larly stratified  material.  The  lowest  portion  next  the  bed- 
rock, sometimes  a  few  feet,  sometimes  many  feet  in  thickness, 
is  a  conglomerate  of  pebbles  and  bowlders  often  of  large  size, 
with  a  paste  of  sand  and  plastic  clay  usually  of  a  slate-blue 
color.  This  is  the  ^^BluegraveV  of  the  miners.  The  pebbles 
and  bowlders  are  usually  well  rounded  ("wash  gravel"),  but  in 
a  few  channels  I  have  found  them  sub-angular,  like  those  of 
UlL  Above  the  Blue  gravel,  the  whole  way  up  to  near  the  top, 
the  material  consists  of  alternate  layers  of  pebbles,  gravel, 
aand  and  clay,  usually  of  a  yellowish  or  reddish  color.  The  peb- 
ble layers  occur  in  lenticular  masses,  and  the  sands  and  clays 
are  often  cross-laminated.  In  many  cases  the  whole  material  is 
more  or  less  firmly  cemented  by  lime  carbonate  or  by  silica,  so 
that  the  cliflf  must  be  loosened  by  blasting  before  it  can  be 
washed  down  by  the  hydraulic  jets.  Irregularly  distributed 
throughout  the  whole  mass  are  found  fragments  or  sometimes 
large  trunks  of  drift  timber,  oak,  maple  and  conifers,  in  a  ligni- 
tized  or  else  in  a  slicified  condition.  In  some  cases  the  ligni- 
tizing  change  has  progressed  but  a  little  way.  I  found  at 
Sailor's  flat,  beneath  the  volcanic  cap,  to  be  presently  described, 
logs  of  Eedwood  (Sequoia)  or  of  cedar  {Libocedrus)  probably 
the  latter,  in  which  the  bark  was  still  tough  and  fibrous  although 
the  wood  was  soft  and  could  be  cut  like  cheese.  In  the  finely 
stratified  sands  and  clays  are  found  beautiful  impressions  of 
leaves  of  many  kinds.  According  to  Lesquereux  tnese  leaves 
indicate  a  Pliocene  age  for  the  deposits.  More  rarely  mamma- 
lian bones  have  been  found.  Among  these  are  allies  of  the 
rhinoceros,  hippopotamus  and  camel,  indicating,  like  the  leaves 
a  Pliocene  age,  but  also  in  many  undoubted  cases  the  mam- 

*  It  is  well  to  note  here  the  prodigious  rapidity  of  this  erosion.  In  the  North 
Bloomfield  mine,  the  pebble-loaded  torrent,  working  eight  months  per  year,  has 
CQt  in  four  years  a  channel  three  feet  wide  and  fifty  feet  deep  in  solid  slate. 
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motb,  the  great  mnstodon  and  a  tapir,  undistiDguisbable  from 
the  living  species,  indicating  a  Quaternary  rather  than  a  Plio- 
cene age.  These  Quaternary  remains  have  been  in  several 
instances  found  under  the  volcanic  caps  in  the  lowest  blue- 
gravel,  next  to  the  bed-rock.  Several  examples  of  this  kind 
are  now  in  the  museum  of  the  University.  Some  human  re- 
mains and  implements  are  also  supposed  to  have  been  found  in 
this  detritus,  but  the  authenticity  of  these  is  disputed  by  many. 

In  several  cases  I  observed  in  the  vertical  cliff  of  detritus 
distinct  curved  lines  of  discontinuity,  concave  upward,  indicat- 
ing sub-channels  cut  in  the  main  mass  of  detritus.  Undoubt- 
edly the  main  channel  had  been  first  filled,  then  partly  swept 
out  by  erosion,  and  then  re-filled.  This  observation  is  impor- 
tant, as  it  seems  demonstrative  of  a  true  river  agency. 

The  lower  portion  of  the  detritus,  the  so-called  blue  gravel, 
differs  from  the  upper  portion  partly  in  structure,  but  chiefly 
in  color.  In  structure  it  is  almost  if  not  quite  devoid  of 
lamination  ;  and  when  the  rock  fragments  are  sub-angular  it  is 
almost  undistinguishable  from  true  till  or  ground -moraine.  In 
most  cases,  however,  its  pebbles  and  bowlders  are  perfectly 
rounded.  Its  blue  color  is  uniioubtcdly  due  to  the  fact  that  its 
iron  is  in  the  form  of  ferrous  instead  of  ferric  oxide.  There  is 
no  such  line  of  demarkation  between  the  blue  and  the  red 
gravel  as  would  indicate  a  different  origin.  On  the  contrary 
the  irregularity  of  the  plane  of  contact  and  the  shading  of  the 
color  shows  a  downward  progressive  oxidation  of  iron,  greater 
in  some  places  than  in  others. 

The  capping, — Above  the  detritus  which  constitutes  the 
main  ]:)ortion  of  the  tilling  of  most  of  the  old  river-beds,  we 
nearly  always  find  a  capping  of  volcanic  mutter  50  to  150  feet 
thick.  This  is  sometimes  hard  basalt  underlaid  by  tufaceous 
conglomerate,  but  more  usually  tufaceous  conglomerate  only. 

3. 


Fig.  3. — SS,  slate  bed  rock;  RR,  old  rivor  bed;  r.  propent  river  bed;   GG.oU 

river  gravel ;    VT,  volcanic  conglomerate. 

In  this  latter  case,  however,  the  proscnee  of  scattered  blocks  of 
basalt  on  the  surface  often  indicates  the  former  existence  of  a 
thin  basaltic  cap  which  has  been  removed  by  erosion.  When 
a  basaltic  cap  remains  it  gives  rise  to  flat  table-topped  ridges 
as  in  figures  1  and  2.  Otherwise  the  ridges  become  rounded 
by  erosion.  Figure  3  is  an  ideal  section  showing  the  more 
usual  form.  When  the  cap  consists  of  tufaceous  conglomer- 
ate above,  the  whole  thickness  of  the   filling,  including  the 
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volcanic  cap,  may  be  washed  down  together  by  hydraulic  pro- 
cess, although  the  latter  is  of  coarse  barren  matter ;  but  WDen 
the  cap  is  basaltic  the  auriferous  gravel  can  only  be  worked  by 
the  slower  process  of  drifting.  In  this  case  only  the  lower 
portion  is  extracted.  In  all  cases  the  volcanic  cap,  especially 
the  tufa,  has  furnished  down-percolating,  alkaline  waters  hold- 
ing silica  in  solution.  The  condition  of  greater  or  less  satura- 
tion (with  perhaps  other  conditions)*  seems  to  have  determined 
whether  this  solution  deposits  or  takes  up  silica.  When  it 
deposits,  the  gravel  is  cemented  and  the  drift-wood  is  petrified ; 
when  it  takes  up  silica  the  volcanic  and  slate  pebbles  are  rotted 
down  to  ^^ putty  stones"  and  the  bed  rock  is  softened  to  a  greater 
or  less  depth.f 

The  tufaceous  conglomerate  which  is  so  constant  an  attendant 
of  the  old  river  gravels  consists  of  a  soft,  earthy,  reddish  tufa, 
enclosing  rounded  pebbles  of  all  kinds,  volcanic,  slate  and 

?nartz  and  of  all  sizes,  distributed  more  or  less  abundantly 
ut  irregularly  through  its  mass.  It  is  probably  volcanic  ashes 
washed  down  from  the  higher  Sierra  slope  by  rain  and  melting 
snow.  But  the  absolute  absence  of  the  least  trace  of  stratifica- 
tion (which  I  sought  for  in  vain)  seems  to  show  that  the 
quantity  of  ash  in  proportion  to  water  was  so  great  that  it  was 
literally  a  mud-flow  gathering  pebbles  in  its  course.  In  some 
cases,  however,  are  found  alternate  layers  of  gravel  and  tufa. 
Where  the  basaltic  lava  occurs  it  always  nearly  overlies  the  tufa. 
Nearly  all  the  higher  parts  of  the  country  are  covered  both 
with  the  gravel  and  with  the  tufa.  The  lava  is  also  very 
widely  spread.  The  indications  are  that  these  materials  formed 
at  one  time  an  almost  universal  covering,  but  subsequent  ero- 
sion has  left  them  in  ridges  and  patches. 

MgfdancUion  of  the  phenomena  above  described. 

There  are  many  diflBcult  and  important  questions  suggested 
by  the  phenomena  above  described  which  press  upon  us  for 
solution.  '*  How  were  the  old  river  beds  filled  with  detritus  ?" 
"How  were  the  streams  displaced  from  their  old  beds?" 
"Why  have  the  new  channels  been  cut  so  much  deeper  than 
the  old?"  "When  did  these  events  occur?"  I  shall  take 
these  four  points  in  the  order  mentioned. 

1.  'The  mode  of  filling  of  the  old  river -beds. — There  are  three 
possible  modes  in  which  we  may  conceive  these  beds  to  have 

*  In  sQidfication  of  wood  there  is  little  doubt  that  the  percolating  alkaline 
waters  charged  with  silica  are  neutralized  by  the  acids  of  organic  decomposition, 
md  the  silica  thus  rendered  insoluble  is  deposited  then  and  there  (see  author's 
Bementa  of  Greology,  p.  193.) 

f  Id  many  of  the  hydraulic  mines,  especially  in  the  Dardanelle  mines  near 
Ibfeat  Hill.  I  found  in  certain  parts  all  the  slate  and  volcanic  pebbles  while  still 
lateining  their  form  perfectly,  reduced  to  a  soft  soapy  bluish  clay.  These  are 
called  patty  stones.    It  is  evident  their  silica  has  been  extracted  by  alkaline 
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been  filled  with  detritus.     1st  They  may  have  been  filled  by 

S'aciers  slowly  and  steadily  retreating  np  the  valleys,  dropping 
eir  debris  on  their  way,  the  debris  pernaps  afterwards  modi- 
fied by  currents  from  the  melting  glacier.  2d.  They  may  have 
been  filled  successively  from  mountain  foot  toward  moantain 
crest  with  detritus  brought  down  by  the  rivers  into  a  bay  or 
fiord  which  steadily  moved  up  the  valley  by  subsidence  of  the 
land  until  the  sea  stood  4,000  feet  above  its  present  level  Or 
8d,  they  may  have  been  filled  in  all  parts  nearly  simultaneously 
by  true  river  action  in  the  same  way  as  river-channels  elsewhere 
have  been  or  under  certain  conditions  are  now  filled. 

I  shall  not  discuss  the  first  and  second.  I  mention  them 
because  each,  but  especially  the  second,  has  been  held  by  some 
persons.  I  have  kept  them  constantly  in  mind  during  all  my 
observations  but  have  been  compelled  to  abandon  them  as 
untenable.  I  am  quite  sure  that  no  one  can  examine  these 
deposits  carefully  without  being  convinced  that  they  are  true 
river  deposits,  though  formed,  certainly,  under  very  exceptional 
conditions.  It  is  these  conditions  which  I  now  wish  if  possible 
to  realize  in  imagination. 

That  the  conditions  were  really  exceptional  is  very  evident 
on  a  little  reflection.  The  present  rivers  in  all  this  region  run 
with  high  velocity,  have  cut  very  deep  channels  and  are  still 
cutting :  why  then  should  the  former  rivers  in  the  same  region 
\\Kve  filled  up  instead  of  cutting  their  channels  ?  The  difficulty 
is  not  removed  bv  supposing  a  lower  velocity ;  for  the  charac- 
ter of  the  deposits,  especially  the  great  bowlders,  often  many 
tons  weight,  show  a  much  higher  velocity  than  now  exists. 
With  such  rushing  torrents  why  did  the  beds  fill  up  instead  of 
cutting  deeper?  To  this  1  answer  :  any  current,  however  swift, 
will  deposit  if  only  its  load  he  sufficient  Every  current  has  a 
certain  amount  of  energy,  and  can  therefore  do  a  certain 
amount  of  work,  increasing  of  course  with  the  velocity.*  This 
energy  is  usually  divided  between  the  work  of  transportation 
and  the  work  of  erosion.  If  the  load  of  transported  matter  be 
moderate,  a  large  amount  of  energy  is  left  over  for  erosion; 
but  if  the  load  of  transported  matter  be  very  great,  the  whole 
energy  may  be  expended  in  transportation  and  none  is  left  for 
erosion — the  limit  is  reached  at  which  erosion  ceases  and 
deposit  commences.  Now,  since  transported  detritus  is  the 
main  erosive  agent,  it  follows  that  in  every  stream  there  is 
a  certain  amount  of  detritus  which  produces  the  maximum 
erosion.  Pure  water  has  little  effect  for  want  of  erosive  agent: 
too  much  material  also  produces  little  effect,  because  too  much 
energy  is  consumed  in  carrying. 

It  is  evident  therefore  that  all  that  is  necessary  to  cause 
any  stream    to  deposit   is  to  increase  its   load   beyond  the 

*  Gilbert,  this  Journ.,  vol.  xii,  pp.  16  and  85,  1876. 
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imits  of  its  energy.  This  principle  is  well  understood  by 
aydraulic  miners.  The  amount  of  water  gathered  in  the  sluices 
from  the  hydraulic  jets  must  be  duly  related  to  the  amount  of 
9arth  removed.  If  the  water  is  in  excess,  the  precious  water 
is  wasted  and  the  erosion  of  the  sluices  is  very  great;  if  the 
earth  is  in  excess  the  sluice  is  choked,  even  though  the  velocity 
ander  proper  conditions  is  sufficient  to  carry  bowlders  of  several 
cnbic  feet  The  water  must  be  well-loaded  but  not  over-haded. 
The  same  important  principle  is  well  illustrated  by  the  pheno- 
mena of  the  floods  of  the  tributaries  of  the  Sacramento  Kiver. 
As  I  learn  from  my  nephew,  Julian  LeConte,  who  has  been 
engaged  in  the  hydrographical  survey  of  this  river,  at  the  time 
of  flood,  the  rushing  waters  first  come  down  Feather  River 
bringing  onlv  fine  silt  and  clay  ;  the  water  rises  and  increases 
proportionally  in  depth.  Next  comes  the  great  mass  of  coarse 
sediment,  sand,  gravel  and  pebbles  creeping  slowly  along  the 
bottom  and  filling  up  the  bed  twenty  feet  deep ;  the  water 
though  in  full  flood  is  but  little  deeper  (though  much  wider) 
than  before  the  flood.*  Lastly,  as  the  water  falls  and  has  less 
sediment  to  carry,  it  again  takes  up  the  sediment  previously 
deposited  and  scours  out  the  channel  even  though  its  general 
velocity  is  now  far  less  than  when  the  same  was  deposited.  In 
this  case  the  filling  is  not  permanent;  but  cases  are  not  want- 
ing of  steady  building  up  by  rivers  of  very  high  velocity. 
According  to  the  authority  already  mentioned  the  Yuba  River 
at  Marysville  has  permanently  tilled  up  its  beds  30  feet  deep, 
and  15  miles  above  Marysville  115  feet  deep,  in  the  last  30 
years.  This  is  wholly  due  to  the  large  increase  of  transported 
matter  produced  by  the  operations  of  hydraulic  mining.  Again, 
according  to  Captain  Dutton,f  the  Colorado  River  through  its 
cation  and  the  rlatte  River  over  the  plains  have  about  the 
same  slope,  viz:  eight  feet  per  mile;  but  while  the  Colorado 
has  cut  its  wonderful  cafion  and  is  still  cutting,  the  Platte  has 
filled  up  its  channel  and  is  still  filling.  The  sole  difi'erence  is 
the  amount  of  load  carried  ;  the  Colorado  is  uwrferloaded,  the 
Platte  (werloaded. 

It  is  evident  therefore  that  river  deposits  cannot,  like  ocean 
and  lake  deposits,  be  taken  as  a  measure  of  time.  Rivers 
either  erode  or  build  up  by  deposit.  If  they  build,  they  almost 
always  build  very  rapidly ;  for  the  carrying  power  of  running 
water  varies  at  so  high  a  rate  that  a  very  slight  change  in  con- 
ditions affects  enormously  the  amount  of  deposit.  While  they 
build,  therefore,  they  build  rapidly  but  are  liable  under  even 
very  slight  change  of  velocity  or  amount  of  sediment  to  scour 
oat  agam.  For  example,  Feather  River  fills  up  20  feet  in  a 
single  flood  and   scours  out  again  when  the  flood  subsides. 

*  The  rise  of  the  surfaoe  is  about  23  feet ;  the  filling  of  the  bed  20  feet 
f  Nature,  VoL  ziz,  p.  274,  1879. 
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But  if  the  overloaded  condition  be  permanent  or  habitual,  then 
the  building  is  permanent  as  well  as  rapid.  For  example,  the 
Yuba  River  above  Marysville  has  built  up  116  feet  in  30  yearh. 
I  believe  that  moat  thick  river  deposits,  whether  of  the  present 
or  of  previous  epochs,  have  been  made  in  comparatively  short 
space  of  tima 

Now  the  phenomena  of  the  old  river-gravels,  as  I  have 
described  them,  are  precisely  those  of  deposits  made  by  the 
turbulent  action  of  very  swift,  shifting,  overloaded  currents; 
only  in  this  case  the  currents  must  have  been  far  swifter  and 
more  heavil}'^  loaded  than  any  existing  currents.  The  detritus 
of  the  old  river  beds  is  usually  exceptionally  coarse;  therefore 
the  rivers  at  the  time  of  deposit  must  have  been  exceptionally 
rapid  ;  and  therefore  also  the  quantity  of  material  necessary  to 
overload  them  must  have  been  exceptionally  great;  and  there- 
fore finally  the  process  of  filling  was  probably  exceptionally 
rapid.  It  mitrht  have  occupied  years,  or  even  centuries,  but 
was  geologically  a  very  ra{)id  process.  Now  I  cannot  conceive 
how  all  these  conditions  could  have  been  fulfilled,  except  by 
the  rapid  melting  of  extensive  fields  of  ice  or  snow.  But  why 
—  it  will  be  asked — was  the  detritus  not  carried  away  again? 
I  answer:  Because  immediately  after  the  filling  was  completed 
the  detritus  was  protected  and  the  rivers  displaced  by  the  lava- 
flood.     This  brings  me  to  the  next  question,  viz: 

2.  The  cnusf  of  the  displacemeiH  of  the  rivers. — As  already  shown, 
the  mere  filling  up  of  the  river  channels  with  detritus  alone  would 
never  hjive  displaced  the  streams.  On  the  contrary,  as  soon  as 
the  conditions  determining  the  filling  were  changed,  the  rivers 
would  immediately  have  commenced  cuttino:  into  the  detritus 
as  thoy  have  done  on  the  Eastern  coast ;  and,  on  account  of  the 
high  slope  of  their  channels,  would  ere  this  have  completely 
swept  it  all  out,  as  they  have  done  in  Southern  California. 
The  jirotection  of  the  detritus  and  the  displacement  of  the 
streams  is  due  wholly  to  the  lava  flood. 

Middle  California  lies  on  the  southern  skirt  of  the  great  lava- 
flood  of  the  Northwest.*  The  center  of  the  great  outflow  was 
the  Cascade  and  Blue  Mountains.  Iw  Oregon  the  lava  is  3,000 
feet  thick  and  therefore  com|>]ctcly  conceals  the  previous  sur- 
face configuration  of  the  country.  In  extreme  northern  Cali- 
fornia  it  is  still  a  universal  mantle  several  hundred  feet  thick, 
and  therefore  the  old  river  beds  with  few  exceptions  are  hope- 
lessly concealed.  In  Middle  California  we  find  it  reduced  to 
ridges  and  patches  by  erosion,  but  originally  it  probably  was 
even  here  a  nearly  universal  mantle,  covering  the  whole  sup 
face,  except  some  highest  points,  and  substantially  obliterating 
the  drainage  system.     But  yet  this  lava  mantle  was  not  so 

*  See  article  by  the  writer  on  this  pubject  in  this  Journal,  vol  vii,  p.  167,  andp 
279,  1874. 
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bick  but  that  subsequent  erosion  has  cut  through  the  thinner 
larts,  L  a,  on  the  previous  higher  ground.  Immediately  after 
he  obliteration  of  the  previous  drainage  system,  the  rivers,  of 
oarse,  commenced  cutting  a  new  system,  having  the  same 
general  trend  (for  this  is  determined  by  the  geneial  mountain 
lope),  but  wholly  independent  of,  and  therefore  often  cutting 
kcross,  the  older  system.  Furthermore  the  streams  in  forming 
heir  new  beds  seem  to  avoid  the  places  of  the  old  beds,  for 
here  the  lava  would  be  thickest,  and  cut  their  channels  on  the 
»ld  divides  for  there  the  lava  was  thinnest  and  therefore  soonest 
amoved  by  general  erosion,  or  perhaps  was  absent  altogether. 

Again :  we  have  already  seen  that  the  rush  of  overloaded 
vaters  which  filled  the  old  river-beds  with  detritus,  could  have 
)een  produced  only  by  rapid  melting  of  snow  and  ice.  We 
lave  seen  also  that  the  process  of  filling  must  have  been  com- 
Miratively  rapid.  Still  further  we  have  seen  that  the  detritus 
nust  have  been  quickly  protected  and  the  streams  diverted 
yy  the  lava-flow.  Bearing  these  things  in  mind  we  are  natu- 
■ally  led,  nay  we  are  almost  driven,  to  the  conclusion  that  the 
ipproach  of  the  subterranean  heat  of  the  impending  lava-flow 
¥as  the  cause  of  the  rapid  melting  of  the  snow  and  the  conse- 
|aent  rush  of  the  overloaded  waters  which  filled  the  channels 
n\\h  detritus.  Before  the  melting  was  completed  the  ash-erup- 
;ions  had  already  commenced,  and  mud-streams,  followed  by 
ava-streams,  completed  the  work  of  obliteration.  We  see  pre- 
jisely  the  same  phenomena  on  a  small  scale,  in  the  destructive 
looas  and  mud-streams  which  precede  and  accompany  the 
eruptions  of  volcanos  like  Cotopaxi,  whose  summits  are  cap- 
ped with  perpetual  snow.  In  the  case  we  are  discussing,  how- 
ever, instead  of  a  volcanic  peak,  a  great  mountain  range 
covered  with  snow,  erupted. 

Some  geologists  of  the  Uniformitarian  school,  may  object  to 
;he  foregoing  views,  as  savoring  too  much  of  Catastrophism.  In 
inswer  I  would  remark  that  it  is  simply  impossible  to  account 
:or  wholesale  obliteration  of  a  river  system  except  by  some- 
thing like  a  catastrophe.  Powell  and  Dutton*  have  shown  that 
>f  all  geographical  features,  river  courses  in  elevated  regions 
ire  the  most  permanent  In  early  Tertiary  times  the  Green 
River  was  winding  its  devious  course  southward  when  the 
[Jinta  Mountains  commenced  to  rise  directly  athwart  its  path- 
way ;  but  the  river  maintained  its  level  and  its  course  by  cut- 
:ing  downward  in  proportion  as  the  mountain  rose  upward. 
Farther  south  the  Colorado  plateau  commenced  to  rise ;  but 
he  river  still  maintained  its  level  and  its  course  by  cutting 
iownward  in  the  same  proportion.  When  once  a  river,  as  it 
were,  bites  in  and  gets  a  grip  upon  the  rocky  bones  of  the 

♦  Powell,  Exploration  of  Colorado  river,  p.  162 ;   Dutton,  Nature,  voL  xix,  p. 
!47  and  273,  187d. 
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country  it  does  not  easily  loose  its  hold.  Rivers  with  deep 
channels  like  those  of  California  will  not  change.  Their  chan- 
nels mast  be  obliterated,  and  then  they  make  new  channels. 
Such  obliteration  can  only  take  place  by  submergence  and 
prolonged  sedimentation  or  else  by  a  lava-flood. 

We  have  seen  that  tufaceous  conglomerate  usually  underlies 
the  basaltic  lava  and  covers  the  detritus  even  where  the  lava 
is  wanting.  It  is  evident  therefore  ash  eruptions  preceded  the 
basaltic  flow.  The  washing  down  of  these  ashes  as  mad 
streams  comnlcted  the  filling  and  then  the  lava  flood  covering 
all  preventcct  the  re-cutting  of  the  channels  in  the  same  places. 
Furthermore,  if  we  imagine  the  ash  flood  as  even  more  general 
than  the  lava  flood,  it  is  easy  to  see  how  the  new  channels 
would  commence  between  the  lava  streams,  i.  a,  between  the  old 
stream  beds,  and  once  commenced  would  continue  to  cut  in 
these  places. 

King*  has  drawn  attention  to  the  fact  that  in  the  same  locality 
and  therefore  presumably  from  the  same  subterranean  igneoos 
reservoir  acid  eruptions  immediately  precede  basic  eruptiona 
He  accounts  for  this  onler  by  supjK)sing  a  gradual  separation, 
by  gravity  from  the  same  fused  magma,  of  a  lighter,  acid,  less 
fusible  portion  as  a  sort  of  scum  on  the  surface  of  a  denser, 
basic,  more  fusible  portion.  Eruption  would  of  course  com- 
mence with  the  ejection  of  the  upper,  acid,  and  finish  with  the 
lower,  basic,  portion.  The  eruptions  of  which  we  have  been 
speaking  seem  to  contirm  this  idea.  The  imperfectly  fused,  or 
aqueo-igneously  fused,  upper  and  more  acid  portions  were  ejected 
first  as  a>ihes  and  onlv  later  the  igncouslv  fused,  basic  bottom 
portions  were  ejected  as  basaltic  flows. 

The  conditions  necessary  to  produce  the  double  system  of 
river-channels  are  peculiar  and  found  only  in  the  Sierra  range 
of  Middle  and  Northern  California.  In  extreme  Northern  Cal- 
ifornia and  especially  in  Oregon  the  lava  flood  is  so  thick  that 
the  buried  old  river  svsteni  is  not  revealed  bv  erosion — ibe 
present  rivers  arc  running  far  above  the  old  rivers.  In  South- 
ern California  on  the  contrary  the  rivers  have  never  been  di»- 
l)lace(l  by  lava,  for  the  lava  flood  did  not  reach  so  far.  If  these 
channels  were  ever  tilled  with  detritus,  this  has  not  only  been 
swept  out  again,  but  the  rivers  have  continued  to  deepen  their 
channels  even  to  the  present  time.  The  double  river  system 
of  Middle  California  is  the  result  of  the  fact  that  this  part  laj 
in  the  extreme  skirts  of  the  great  lava  floml.  In  British  Co- 
lumbia beyond  the  limits  of  the  lava  flood,  the  relation  of  the 
new  to  the  old  river  beds,  as  I  learn  from  Mr.  Amos  Bowman, 
is  again  like  those  of  the  Eastern  States.  The  rivers  are  now 
cutting  into  the  detritus  which  fills  the  broader  and  deeper 
channels  of  the  old  rivera. 

*  Exploration  of  40th  Parallel,  vol.  i,  Systematic  Geology,  p.  716. 


J,  LeConie — Old  River-beda  of  OoUi/omtcL  187 

S.  Why  the  modem  rivers  have  cut  to  a  lower  level. — I  have 
already  in  a  previous  article*  given  reason  to  believe  that  the 
ffreat  lava  flood  of  the  Northwest  came  not  from  craters  but 
from  great  fissures,  and  that  the  force  of  eruption  was  not  the 
pressure  of  elastic  gases  merely,  but  also  the  lateral  squeezing 
by  which  mountain  ranges  are  elevated.  It  is  almost  certain, 
then,  that  coincident  with  the  outflow  of  lava  in  California 
there  was  an  increase  in  the  elevation  of  the  Sierra  range.  The 
inevitable  efiect  of  this  would  be  the  cutting  of  the  new  chan- 
nels below  the  level  of  the  old,  and  thus  Unally  the  singular 
relation  between  the  old  and  the  new  channels  which  now  exists. 

There  is  a  certain  definite  relation  between  the  slope  and  the 
amount  of  detritus  which  determines  the  depth  of  tne  caflons. 
K  this  relation  be  disturbed  by  increase  of  slope,  the  stream 
will  strive  to  reestablish  it.  All  deep  cafions  have  been  cut  in 
rising  ground  and  for  the  purpose  of  reestablishing  this  relation. 
Thus  it  has  been  with  the  great  cafions  of  the  plateau  region  ; 
thus  also  with  the  cafions  which  trench  the  eastern  slope  of  the 
Colorado  Mountains;  and  thus  it  must  have  been  with  the 
cafions  of  the  Sierra  Nevada.  Again  there  is  a  certain  relation 
little  understood,  between  rain-erosion  and  stream-erosion.  In 
Tertiary  times  we  may  imagine  the  conditions  were  favorable 
for  general  rain-erosion  and  unfavorable  for  stream-erosion  or 
cafion  cutting ;  and  the  result  was  a  system  of  broad,  shallow, 
trough-shaped  channels  with  low  divides.  Since  glacial  times, 
on  the  contrary,  the  conditions  have  been  favorable  here  for 
cafion  cutting.  Among  these  conditions  the  slope  is  certainly 
most  important.  It  is  difficult  to  imagine  that  the  Tertiary 
river  channels  should  have  remained  so  shallow  after  the  ero- 
sion of  the  whole  Cretaceous  and  Tertiary  times,  if  the  general 
Sierra  slope  were  as  high  then  as  it  is  7iow,  viz :  100  to  200  feet 
per  mile.  It  is  true  that  the  great  glaciers  of  glacial  times  have 
probably  greatly  assisted  in  cutting  the  present  cafions;  but 
this  would  only  affect  the  amount  of  time  required,  not  the  final 
result;  for  if  glaciers  cut  deeper  than  streams  would  have 
done,  these  streams  would  again  fill  up  their  channels  until  the 
proper  relation  was  again  established. 

The  elevation  which  I  suppose  took  place  in  the  Sierra  range 
at  the  time  of  the  lava  flow,  was  evidently  of  a  gentle  kind, 
unaccompanied  with  crumplings  and  dislocations  of  the  strata, 
and  therefore  undetectable  except  by  the  work  of  cafion-cutting. 
The  axis  of  the  Quaternary  elevation  on  the  eastern  portion 
of  the  continent  was  probably  along  the  valley  of  Mississippi 
Biver;  the  axis  on  this  side  was  the  crest  of  the  Sierra,  where 
it  gav©  rise  to  fracture  and  outflow. 

The  places  where  the  lava  emerged  have  not  been  found  with 
certainty.    It  was  probably  along  or  near  the  crest,  where  the 

*  ThiB  Journal,  yoL  vii,  p.  1T7,  1874. 
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subsequent  erosion  has  been  so  great  that  the  evidences  are 
mostly  obliterated.  In  Alpine  County,  about  Silver  Mountain 
and  about  Markleeville,  the  Sierra  crest  is  formed  lately  of 
volcanic  rocks.  From  this  region  probably  a  large  number  of 
streams  radiated.  But  over  the  larger  portion  of  the  high 
Sierra  erosion  has  bitten  so  deep  that  the  lava  streams  hare 
been  entirely  removed.  I  have  however  observed  many  dio- 
ritic,  doleritic  and  felsitic  dikes  in  all  the  granite  region  above 
the  lava  flow.  These  I  have  thought  are  probably  the  exposed 
roots  of  the  flow. 

4.  ITie  age  of  the  old  river  graveh  and  of  the  lava  flew. — Whit- 
ney and  Lesquereux,  on  the  evidence  of  the  organisms,  espe- 
cially the  plants,  refer  the  gravels  to  the  Pliocene,  and  regard 
them  as  representing  at  least  the  whole  of  that  epoch,  and  the 
lava  flood  as  its  closing  event.  My  own  conclusion  differs  a 
little  from  this.  I  have  already  shown  that  the  accumulation 
of  the  gravels  and  their  protection  by  the  lava  flow  may  be 
regarded  as  geologically  almost  simultaneous.  I  now  add  that 
these  two  events  closed  the  Pliocene  and  inaugurated  the  Qua- 
ternary. 

As  already  seen,  the  mammalian  remains  are  a  mixture  of 
the  characteristic  Pliocene  species  still  lingering  and  of  charac- 
teristic Quaternary  species  just  coming  in.  They  undoubtedly 
therefore  indicate  a  transition  from  Pliocene  to  Quaternary,  and 
whether  on  these  evidences  we  refer  the  gravels  to  late  Plio- 
cene or  early  Quaternary  will  depend  upon  whether  we  regard 
as  the  more  important  test  of  age,  the  extinction  of  old  or  the 
introduction  of  new  species.  The  evidence  from  human 
remains  and  implements,  if  these  be  regarded  as  authentic,  is 
certainly  on  the  side  of  greater  recency.  The  Plants,  it  may  be 
admitted,  are  Pliocene.  But  plants  are  far  less  delicate  tests  of 
age  than  mammalian  animals :  for  not  only  are  they,  by  their 
lower  organization,  less  sensitive  to  changes  of  the  environ- 
ment; but  being  incapable  of  voluntary  migrations,  they  are 
often  compelled  to  linger  beyond  the  epoch  to  which  they 
belong.  It  is  natural  to  suppose,  therefore,  that  the  Pliocene 
flora  would  linger  even  into  the  Quaternary  until  destroyed  by 
the  extreme  rigor  of  glacial  climate,  or  else  by  some  catastro- 
phe like  that  of  the  lava  flood. 

Again:  the  general  phenomena  of  the  gravels  and  the  man- 
ner of  their  accumulation,  as  I  have  explained  them,  are  wholly 
those  of  the  Quaternary  period.  They  can  hardly  be  explained 
except  by  the  existence  of  glacial  conditions.  Also  the  gentle 
movement  of  elevation  which  we  liave  supposed  preceded  and 
attended  the  lava  flow  is  characteristic  of  the  Quaternary  every- 
where. It  is  probable,  therefore,  that  the  gradual  elevation 
and  the  attendant  glacial  conditions  commenced  and  advanced 
until  the  former  culminated  in  fracture  and  outflow  of  lava. 
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But  on  the  other  hand,  it  is  certain  that  the  Pliocene  passed 
insensibly  into  the  glacial  epoch,  and  therefore  that  glacial  con- 
ditions commenced  in  the  Pliocene.  Furthermore,  it  is  certain 
that  here  in  California  glacial  conditions  continued  and  reached 
their  acme  afier  Uie  lava  flow ;  for  glaciers  occupied  all  the 
present  cafions,*  and  swept  away  all  the  lavas  from  the  granite 
axial  region,  exposing  their  roots,  in  the  form  of  dikes. 

In  conclusion,  therefore,  it  seems  best  to  make  both  the  accu- 
mulation of  the  gravels  and  the  lava  flow  which  protected  them, 
the  dividing  line  between  the  Pliocene  and  the  Quaternary, 
although  I  believe  that  glacial  conditions  had  already  com- 
menced when  these  events  occurred. 

In  a  previous  article  already  referred  to,  I  have  shown  that 
the  great  lava  flood  commenced  in  its  central  part  in  Oregon, 
about  the  beginning  of  the  Pliocene  epoch,  and  has  continued 
there  almost  to  the  present  time.  But  as  in  volcanos  the  erup- 
tions commence  and  perhaps  continue  in  a  central  crater,  and 
as  erupted  matters  accumulate,  later  eruptions  occur  also  on 
the  outer  margins;  so  in  this  great  area  of  fissure  eruptions, 
the  eruptive  activity  commenced  first  in  the  center,  but  as 
erupted  matters  accumulated,  the  eruptive  activity  spread  cen- 
trifugally  to  more  and  more  distant  points  until  at  the  end  of 
the  Pliocene  it  had  reached  Middle  California. 

Thus  it  seems  to  me  that  the  four  questions  suggested  by  the 
phenomena  of  the  old  river  beds  and  their  fillings,  have  been 
not  only  each  answered,  but  they  have  been  all  connected 
together  in  a  satisfactorv  manner. 

Seqiie7ice  of  Events. 

It  may  be  wdl  to  briefly  recapitulate  the  main  points  of  my 
view,  by  narrating  rapidly  the  events  in  the  order  of  their 
sequence. 

Immediately  after  the  birth  of  the  Sierra  Nevada,  at  the 
beginning  of  the  Cretaceous  period,  a  drainage  system  com- 
menced to  be  formed.  This  system  we  may  be  assured 
remained  unchanged  during  the  whole  Cretaceous  and  Tertiary 
times,  for,  as  already  seen-,  river  channels  are  remarkable  for 
their  permanency.  The  result  of  the  river-work  of  all  this 
time  was  a  system  of  broad  trough-shaped  channels  separated 
by  low  divides  usually  called  the  Tertiary  or  old  river  system. 
During  all  this  time  I  suppose  the  amount  of  detritus  was  so 
related  to  velocity  that  there  was  neither  much  erosion  on  the 
one  hand,  nor  deposit  on  the  other — though  on  tlie  whole  ero- 
4Bion  slowly  progressed.  Then  commenced  the  glacial  cold  at 
the  end  of  the  Pliocene,  a  rising  of  the  Sierra  region,  and  the 

•  Some  Ancient  Glaciers  of  the  Sierra.    This  Journal,  vol.  v,  p.  325,  1873,  and 
Tol.  X,  p.  126,  1875. 

AM.  JouB. 8ci.— Thibd  SsRiKS,  YoL.  XIX.— No.  Ill,  Mabch,  1880. 

14 


190  J^  LeOonte — Old  River-beds  of  OalifomtcL 

high  Sierra  was  mantled  with  snow  and  ice  and  glaciers  proba- 
bly occupied  the  higher  portions  of  the  river  troughs,  and  thus 
large  quantities  of  loose  debris  were  prepared  ready  for  trans- 
portation. Then  the  ground  heat  of  the  impending  lava  flow 
melted  the  ice  mantle  and  caused  the  rushing  overloaded  tor- 
rents which  filled  up  the  river  channels.  This  filling  doubt 
less  required  many  years,  perhaps  centuries,  during  which  there 
were  alternate  partial  scourings  out  and  re-fillings,  yet  the 
whole  was,  geologically  speaking,  a  rapid  process.  Then  imme- 
diately thereafter  occurred  the  fissuring  of  the  high  Sierra,  and 
immense  discharges  of  ashes  which,  washed  down  by  the  still 
melting  snows,  formed  mud  streams,  which  almost  completely 
filled  up  the  river  channels,  and  often  apparently  overran  the 
low  divides.  Immediately  following  the  ash-eruptions,  lava 
streams  flooded  the  mountain-slope  and  completely  obliterated 
the  drainage  system.  Coincidently  with  the  eruptions,  and  as 
their  cause,  there  was  a  considerable  elevation  of  the  Sierra 
range,  and  increase  of  the  mountain  slope. 

The  previous  drainage  having  been  abolished,  glaciers  and 
rivers  immediately  commenced  cutting  a  new  system  wholly 
independent  of  the  previous  one,  though  having  the  same  gen- 
eral direction.  In  cutting  these  new  channels  the  rivers  seem 
to  have  shown  a  preference  for  the  old  divides,  because  there 
the  lava  was  either  wanting  or  thinner  than  elsewhere.  As  a 
result  of  the  increased  elevation  of  the  Sierra,  as  well  as  an 
increase  of  the  causes  which  produced  the  Glacial  epoch,  the 
reign  of  ice  now  reached  its  culmination.  At  this  time  not  onlv 
was  the  high  Sierra  ice  mantled  and  all  its  canons  filled  witli 
glaciers,  but  even  the  much  lower  Coast  Range  was  snow-cap- 
ped, and  glaciers  probably  ran  down  its  valleys  nearly  or  quite 
into  the  Bay  of  San  Francisco.*  As  another  result  of  the 
increased  elevation  of  the  Sierra  and  the  prodigious  consequent 
erosion  by  ice  and  water  of  this  time,  and  of  water  alone  in 
subsequent  times,  the  erupted  lava  was  swept  clean  avvay  from 
the  greater  portion  of  the  high  Sierra,  leaving  only  the  roots 
visible  in  the  form  of  dikes,  and  the  river  channels  lower  down 
the  slope  were  cut  far  below  the  detritus-filled  and  lava-capped 
old  river  cliannels,  which  are  thus  left  high  up  on  the  present 
divides.  Meanwhile  meteoric  waters  percolating  downward 
through  the  decomposing  lava  caps,  and  therefore  charged  with 
carbonates  of  soda  and  lime,  and  therefore  also  dissolving  silica, 
cemented  the  gravels  and  petrified  the  drift  wood,  or  else  tak- 
ing more  silica,  changed  in  places  volcanic  and  slate  pebbles 
and  bed  rock  into  clay. 

Berkeley,  Cal.,  Oct  15,  1879. 

*  I  have  fouad  what  I  regard  as  good  evidence  of  glacial  action  about  the  site 
of  the  Universitj,  300  feet  above  the  Bay  of  San  Francisco. 
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Art.  XXIV. — Note  07i  the  Age  of  the  Oreen  Mountains ;    by 

James  D.  Daiul. 

Having  in  the  new  edition  of  my  Geology,  as  in  the  pre- 
ceding, referred  the  epoch  of  the  formation  of  the  Green 
Mountains,  that  is,  of  the  folding,  upturning  and  crystalliza- 
tion of  its  rocks,  to  the  close  of  the  Lower  Silurian,  I  here  pre- 
sent a  fuller  statement  of  my  reasons  for  this  conclusion.  A 
further  study  of  the  stratigraphy  of  the  eastern  part  of  the 
region  is  required  to  establish  its  correctness  beyond  question  ; 
but  I  believe  that  the  following  facts  and  considerations  will 
be  found  to  be  strongly  in  its  favor. 

By  the  term  Green  Mountains,  I  mean  the  swell  of  land  with 
its  ridges,  about  N.  16°  E.  in  trend,  which  lies  between  the 
Connecticut  River  on  one  side,  and  Lake  Champlain  and  Hud- 
son River  on  the  other,  and  reaching  in  the  south  to  New  York 
Island.  All  the  rocks  of  the  area  thus  bounded  are  not  refer- 
able genetically  to  the  range ;  for  it  is  well  known  that  the 
'*  Highland  "  region  of  Arcnaean  rocks  extends  over  the  most 
yt  Putnam  County,  New  York,  and  the  southern  border  of 
Dutchess  County ;  and  that  rocks  of  the  same  age  constitute 
sureas  to  the  east  of  north  of  this  Highland  region,  in  Connec- 
ticut, and  also  farther  north  in  Massachusetts  and  Vermont. 
These  ArchaBan  areas  introduce  difficulties  into  the  geology  of 
Western  New  England.  But  the  Taconic  range  and  the  asso- 
iuated  limestones  are  a  known  base  in  the  study  of  the  strati - 
zraphy ;  and  by  working  from  it,  the  difficulties  will  quite  surely 
be  ultimately  surmounted.  For  the  sake  of  the  present  dis- 
cussion, the  Green  Mountain  region  may  be  regarded  as  con- 
iisting  of  (1)  a  Western  section,  which  includes  the  Taconic 
range  or  belt,  and  the  associated  bands  of  limestone,  together 
iritb  conformable  formations  of  slate  and  schists;  (2)  a  Central 
Qiountain  section,  separately  distinguishable  only  in  Vermont ; 
md  (3)  an  Eastern  section.  The  mountain  section  in  Vermont 
contains  the  highest  summits  of  the  Green  Mountains,  and  is 
the  part  to  which  the  name  was  given.  In  Massachusetts,  the 
highest  peaks  are  in  the  more  western  Taconic  range  ;  but  still 
the  greatest  mean  height  lies  south  by  west  of  the  mountain 
belt  of  Vermont 

In  the  following  pages,  the  evidence  reviewed  is  arranged 
ander  the  following  heads: 

(1)  The  extent  to  which  the  Western  belt  is  a  known  region 
»  regards  geological  age. 

(2)  The  relations  in  rocks  and  stratification  between  the 
Western  belt  and  those  east  of  it 
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(8)  The  occurrence  of  unconformable  Upper  Silurian  rocks 
within  the  limits  of  the  region  or  on  iis  borders. 

(4)  The  magnitude  of  an  individual  among  mountains. 

1.  The  extent  to  which  the  Western  belt  is  a  known  region  as  re- 
gards geological  age, — The  facts  on  this  point  are  presented  in 
the  writer's  former  papers,*  and  need  not  be  here  repeated. 
They  establish  (1)  by  means  of  fossils^  the  discoveries  of  Wing 
and  others  in  Vermont,  and  of  Dale,  Dwight  and  the  writer  in 
Dutchess  County,  N.  Y.,  atid  (2)  by  tf^e  conformability  of  the  strata^ 
the  Lower  Silurian  age  of  the  Taconic  schists  and  of  the  asso- 
ciated limestones  and  schists,  eastward  to  the  easternmost  of  the 
limestone  bands,  and  westward  through  Dutchess  C5ounty, 
New  York,  to  (and  somewhat  beyond)  the  Hudson  River. 
Through  their  coiformability,  these  strata  show  that  all  are  one 
in  system  of  dislocation  and  one  in  epoch  of  mountain-making; 
that  the  several  Lower  Silurian  formations,  from  the  Hudson 
River  group  to  the  Primordial,  are  involved  in  one  system  of 
conformable  and  simultaneously  upturned  beds.t    ^ 

The  width  of  this  known  region  is,  in  the  southern  half  of 
Vermont,  15  to  20  milas,  or  two-fifths  of  the  width  of  the 
State;  in  Massachusetts,  15  to  20  miles:  in  Connecticut,  12  to 
15  miles;  in  Dutchess  County,  N.  Y.,  west  of  Connecticut,  28 
to  25  miles,  reckoning  to  the  Hudson  River. 

The  width  for  Western  Connecticut  and  Dutchess  County 
together  is  35  miles,  which  is  about  half  the  whole  width  be- 
tween the  Hudson  River  and  the  Connecticut  North  of 
Dutchess  County,  in  Columbia  and  Rensselaer  Counties,  N.  Y., 
the  rocks  are  a  continuation  of  the  slates  of  Dutchess  County, 
and  are  conformable  to  the  Taconic,  according  to  Mather  and 
Emmons,  and  hence  they  belong  to  the  same  system.  Conse- 
quently, the  width  through  these  counties  and  Western  Massa- 
chusetts is  40  miles,  or,  again,  half  the  distance  from  the  Hud- 
son to  the  Connecticut.  The  rocks  are  also  Lower  Silurian  in 
Washington  County,  up  to  Whitehall,  as  represented  in  the 
geological  maps  of  Hall  and  Logan ;  and  in  the  northern  half 
of  Vermont,  to  its  northern  boundary. 

It  thus  appears,  that,  of  the  mass  of  land  which  topograph- 
ically belongs  to  the  Green  Mountain  range,  that  part  which 
is  already  j)roved  to  be  Lower  Silurian  in  age,  and  of  one  geo- 

*  This  Journal,  ITT,  v,  vi,  1873,  xiii  (Winjx's  discoveries),  liv,  1877,  xvii,  1879. 

f  The  conformability  between  the  Ta^'onic  schists  and  the  adjoining  limestone 
I  have  observed  at  various  localities  in  Vennont,  Ma>^sachusett8.  Connecticut  and 
New  York,  part  of  the  localities  on  the  west  side  of  tiie  range  and  the  rest  on  the 
east;  and  between  the  same  hmestone  and  the  schists  (including  mica  sohirta 
and  gneiss)  and  quartzyto  to  the  eastward  also  at  several  localities  in  Yennont. 
Massachusetts  and  Connecticut,  so  that  the  fact  cannot  nghtly  be  questioned. 
The  discoveries  of  fossils  near  Newburgli,  v^est  of  the  Hudson,  by  Whitfield  and 
Dwight,  are  additional  evidence  as  to  the  relation  of  the  rocks. 
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logical  and  orological  system  constitutes  nearly  one-half  of  the 
whole  range.  The  part  of  the  Western  belt  which  is  not  in- 
cluded in  the  above,  is  (exclusive  of  the  Archaean  area)  the 
southern,  or  Westchester  County,  whose  connection  with  the 
system  has  not  yet  been  clearly  made  out 

I.  Western  Section  of  the  Green  Mountain  Region. 

2.  Rocks;  Stratijication. — In  mentioning  the  kinds  of  rocks 
we  pass  from  north  to  south,  and  from  west  to  east;  the  former 
direction  follows  the  strike  of  the  rocks  and  of  the  ridges, 
and  the  latter,  transverse  lines. 

It  is  important  to  note,  in  reading  the  following,  that  hydro- 
mica  schist  and  mica  schist  are  essentially  the  same  in  compo- 
sition, the  former  differing  chemically  from  the  latter  only  in 
the  presence  of  a  few  per  cent  of  water  (not  usually  over  5). 
Physically  the  difference  is  wider;  the  hydromica  schist  being  a 
fine-grained  glossy  slate  (shading  often  into  a  variety  that  is 
called  argillyte  from  its  clay-slate  aspect,  and  which  is  used  as  a 
roofing  slate),  and  feeling  more  or  less  unctuous  or  talc-like.* 
This  roofing  slate  from  Fair  Haven,  near  Castleton,  Vermont, 
one  of  its  most  noted  localities,  is  only  a  more  finely  grained 
hydromica  schist ;  for  in  recent  determinations  of  the  alkalies 
made  for  the  writer  by  Prof.  O.  D.  Allen  of  the  Sheffield  Sci- 
entific School  of  Yale  College,  and  by  Mr.  O.  E.  Atwater  of 
the  same  School,  the  amount  is  as  great  as  has  been  obtained 
for  the  hydromica  schist.  Prof.  Allen  finding  potash  4*61  and 
soda  1*58  per  cent,  and  Mr.  Atwater,  potash  4*62,  and  soda 
1'64;  and,  moreover,  the  slate  fuses  rather  easily  to  a  light- 
colored  slag.  It  is  therefore  a  hydromica  argillyte^  or,  better, 
hydromica  phyllyie. 

(1)  In  Vermont,  unaltered  and  partially  altered  fossil-bear- 
ing Lower  Silurian  limestones,  shales  and  sandstones  occur 
along  the  western  border  of  the  State. 

The  Taconic  range,  next  east,  commences  near  Middlebury 
as  a  belt  of  roofing  slate,  the  hydromica  phyllyte  just  men- 
tioned ;  but  it  becomes,  to  the  southward,  a  belt  of  well  char- 
acterized hydromica  schist,  yet  with  small  beds  of  quartzyte 
in  some  places. 

Next  east  of  the  main  band  of  crystalline  limestone  (east  of  the 
meridian  of  l^utland),  exists  a  second  band  of  hydromica  schist, 
which,  in  the  southern  half  of  the  State,  is  formed  largely  of 
quartzyte;  thick  strata  of  quartzyte  and  hydromica  schist  alter- 
nate, and  the  former  often  graduates  vertically  and  in  the  direc- 
tion of  the  bedding  into  the  latter  by  insensible  shadings.    Owing 

*  It  is  the  so-called  talcose  schist  and  talcoid  schist  of  the  Yermont  Report, 
which  is  shown  in  that  Report  (pp.  503-508,  522)  to  he  non-magnesian.  In  this 
paper  the  terms  of  the  Report  are  changed  in  all  cases  to  hydromica  schist 
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to  its  greater  hardness,  high  peaks  consist  of  the  quartzyte,  and 
these  nave  given  the  impression  that  this  is  the  only  constit- 
uent of  the  ridges — one  not  sustained  either  by  the  descrip- 
tions of  Hitchcock  in  the  Vermont  Report,  or  by  the  writers 
observations.  The  hydromica  schist  passes  into  chloritic,  mag- 
netitic  and  feldspathic  varieties,  and  into  a  hydromica  gneiss.* 

(2)  South  of  VerrnoyiL 

In  New  York,  west  of  Massachusetts,  occur  slates  like  argyl- 
lite  in  aspect,  but,  largely,  glossy  slates  which  are  hydromica 
schist ;  and  the  latter  is  the  prevailing  rock  of  Dutchess 
County,  except  toward  its  eastern  border. 

The  rocks  of  the  Taconic  belt  in  Massachusetts  are,  besides 
ordinary  hydromica  schist,  chloritic  and  garnetiferous  varieties 
of  it,  and  then  in  Connecticut,  mica  schist  and  staurolitic  and 
garnetiferous  schists  ;  and  farther  south  in  Eastern  New  York, 
toward  and  below  Pawling,  200  miles  and  more  from  the  com- 
mencement of  the  band  in  Vermont,  micaceous  gneiss  and 
gneiss.  Again:  The  Vermont  belt  oi  hydromica  schist  and 
quartzyte,  east  of  the  main  belt  of  limestone,  continues  through 
Massachusetts,  with  the  quartzyte  still  a  prominent  feature. 
But  the  interstratifications,  on  going  southward,  are  of  quartzyte 
with  mica  schist  and  true  gneiss,  instead  of  with  hydromica 
schist.  The  mica  schists  and  gneiss  are  at  first  fine-grained  va- 
rieties, but  pass  into  coarser  and  well  characterized  kinds  in 
Southern  Massachusetts  and  in  Connecticut. 

The  variation  in  the  rocks  on  passing  southward  is  very 
gradual ;  the  extremes  are  200  miles  or  more  apart  In  going 
eastward  toward  the  central  mountain  belt,  the  same  changes 
are  passed  through  in  an  interval  of  30  to  50  miles. 

These  diflerent  kinds  of  rocks  in  this  western  section  are 
throughout  in  conformable  strata,  as  already  stated. 

II.  Eastern  Section  of  the  Green  Mountain  Region. 

The  following  remarks  are  confined  almost  wholly  to  Ver- 
mont. Since  the  highest  of  the  Green  Mountain  summits  are 
in  this  State,  we  might  here  look  for  the  strongest  contrasts  in 
the  rocks  on  going  eastward  to  the  mountain  section  and  be- 
yond it,  imkss  all  the  iliree  sections  are  of  one  mountain  system. 

According  to  the  geological  map  of  Vermont  and  the  de- 
scriptions in   the  Report  by  C.  11.  Hitchcock,  a  band  of  by- 

*  C.  H.  Hitchcock  describes  well  these  gradations  in  the  Vermont  Report  (ppi 
607-509 j.  He  says  "  every  grade  from  soft  nacreous  schist  to  sandstone  may  be 
found."  In  Cambridge,  he  says  (p-524),  there  occur,  besides  hydromica  schist, 
hydromica  varieties  of  gneiss,  sandstones  and  conglomerates,  and  plumbaginous 
and  cpidotic  varieties  of  hydromica  schist ;  also,  all  along  the  western  part  of 
Vermont  (p,  629),  and  on  the  Connecticut  River,  it  passes  insensibly  into  clay  slati. 
The  writer  observed  similar  facts  in  hia  study  of  the  retfion. 
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dromica  schist  extends  through  the  State  on  the  east  side  of 
the  mountain  section,  much  like  that  on  the  west  side ;  more- 
over, near  the  northern  boundary  of  the  State  the  two  join  and 
are  one,  showing  thereby  the  closest  relation  between  them. 
The  eastern  belt  contains  to  the  south  some  small  beds  of 
quartzyte  and  to  the  north  as  well  as  south,  many  localities  of 
steatite  and  serpentine;  and  the  western,  while  including  much 
quartzyte,  has  to  the  north  some  small  beds  of  steatite.  The 
eastern  becomes  micaceous  to  the  south  and  passes  into  mica 
schist;  Mr.  C.  H.  Hitchcock  speaks  in  the  Vermont  Report 
(p.  510)  of  the  gradual  change  to  micaceous  rocks,  and  accounts 
for  it  on  the  general  principle  that  "  the  rocks  grow  more 
metamorphic  as  we  proceed  southward  from  the  Canada  line." 
East  of  this  eastern  band  of  hydromica  schist  there  is  a  band 
called  clay  slate,  having  parallel  relations  to  that  which  exists 
in  the  western  section  (Taconic  belt).  Farther  east,  there  are  in 
the  northern  two-thirds  of  the  State  (besides  some  local  granite 
areas),  a  north-and-south  belt  of  mica  schist  ("  Calciferous  mica 
schist"),  with  some  gneiss,  and,  beyond  this,  another  of  argillyte, 
with  a  small  band  of  true  hydromica  schist  in  some  parts  near 
the  Connecticut 

in.  Thb  Central  Mountain  Belt. 

The  mountain  belt,  which  is  only  one  to  four  miles  wide 
in  the  northern  three-fifths  of  the  State,  is  marked  gneiss  on 
the  geological  map.  But  the  descriptions  in  the  text,  and  facts 
from  other  sources,  show  that  for  the  northern  fifty  miles  of  its 
length  the  principal  rock  is  not  *' Green  Mountain  gneiss;*'  that 
the  most  common  kinds  to  the  north  are  hydromica  schist  and 
chloriiic  hydromica  schist. 

In  the  far  north,  a  few  miles  from  the  Canada  boundary, 
stands  Jay  Peak,  4,018  feet  in  height  above  the  sea  level ;  it 
consists  of  hydromica  schist  much  like  that  of  the  region  ad- 
joining on  the  east  and  west.*  Thirty  miles  to  the  south  there 
is  Mt  Mansfield,  4,430  feet  high  (Guyot),  the  highest  summit 
in  the  mountains;  and  it  consists  chiefly  of  mica  schist,  but  in 
part  is  made  of  hydromica  schist  and  chloritic  hydromica 
8chist,t  and  specimens  of  the  latter  gathered  by  the  writer 
from  the  summit  are  not  distinguishable  from  those  of  the 
true  Taconic  in  Massachusetta  Fifty  miles  to  the  south  is 
Camel's  Hump,  another  of  the  high  peaks,  4,088  feet  high 
(Guyot),  which  consists,  according  to  Adams,  and  observations 
by  Mr.  E.  S.  Dana,  of  mica  schist ;  it  is  stated  by  Hitchcock 

•  Vennoiit  Report,  p.  623;  Adams's  Report,  1846.  0.  H.  Hitchcock  sajs 
(Rep.  p.  600)  of  the  Green  Mountain  gneiss  "in  Massachusetts,  it  was  called 
mica  schist  because  of  the  scarcity  of  feldspar  in  it.  So  here  and  in  many  parts 
of  the  Oreen  Mountains,  it  might  be  appropriately  called  feldspathic  mica  schist" 

t  Vermont  Report,  607-509. 
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to  be  gneissoid  rock,  meaning  apparently  gneissoid  mica 
schist* 

It  appears  then,  that  even  the  mountain  belt  of  Vermont  io 
its  northern  half  consists  of  rocks  much  like  those  of  the  re- 
gion either  side ;  and  they  are  essentially  the  same  for  the  rest 
of  the  belt,  with  this  difference,  that  to  the  south  the  mica 
schist  is  replaced  to  a  large  extent  by  gneiss. 

Again,  according  to  the  sections  in  the  Vermont  Geological 
Report  and  the  text  describing  them,  the  schists  of  tJie  mountain 
belt  are  conformable  with  the  hydromica  schist  on  the  east  and  west 

In  Massachusetts,  the  schists  east  of  the  limestone  belt  are 
mica  schist  (as  in  the  Hoosac  Mountain)  and  micaceous  gneiss, 
and  they  are  conformable,  according  to  Hitchcock  and  my  own 
imperfect  observations,  with  the  beds  of  the  limestone  belt 
But  an  Archaean  area  extends  northward  from  Connecticut, 
and,  fifteen  miles  west  of  Pittsfield,  interrupts  the  series.  C. 
H.  Hitchcock  states  in  the  Vermont  Report  (p.  462)  that  the 
mica  schist  of  Hoosac  Mountain  is  a  continuation  of  the  Green 
Mountain  belt  of  gneiss,  and  that  a  diminution  in  the  amount 
of  feldspar  makes  the  difference. 

In  Connecticut  tlie  rocks  need  more  study  before  general 
conclusions  can  be  positively  stated,  owing  in  part  to  the  Arch- 
aean areas  which  give  complexity  to  the  subject  in  the  northern 
half  of  the  State.f 

Connection  between  differences  in  the  rocks  and  geographical 
distribution. — As  has  been  shown,  marked  differences  exist  be- 
tween the  rocks  of  the  north  and  south,  and  between  those  of 
the  west  and  east ;  but  the  differences  are  so  systematically  dis- 
tributed along  the  range  that  they  arc  testimony  to  its  essential 
unity.  The  differences  are  in  the  main  just  those  that  would 
have  come  for  the  most  j)art,  from  differences  in  the  grade  of 
metamorphism.  Intenser  metamorphism  should  be  naturally 
looked  for  along  or  about  the  axis  of  the  range  than  to  the 
west  of  it;  and  so,  also  (as  shown  by  the  facts  connected  with 
the  Appalachians),  on  tiie  eastern  side  of  the  axis  than  on  the 
western  ;  and  thus  it  is  in  reality. 

In  view  of  such  facts  wc  mav  safely  hold  that  if  to  the  south,  as 
in  Westchester  county,  the  roc;ks  are  mainly  gneiss,  this  alone 
would  not  be  sufficient  evidence  of  ditierence  of  system  or  age. 

*  A  letter  from  S.  R.  Hall  and  Z.  Thompson,  in  Adams's  Keport  (1845),  sar« 
that  there  is  no  true  gneiss  east  of  a  north  and  sontli  line  from  Lake  Memphremt' 
gog  to  the  western  line  of  Xorthlield. 

I  One  fact  may  liave  much  importance  when  the  investigations  are  completed, 
namely:  that  on  the  west  of  New  Haven,  and  therefore  the  west  side  of  tb« 
Cotmecticut  Valley  depression,  the  rocks  are,  /ir.st,  liydromica  schist,  which  is  in 
part  ahnost  argillyte  in  aspect,  and  in  part  chloritic,  and  is  nndistinguishable  from 
that  of  the  Taconic  Mountains  and  of  Mt.  Mansfield  ;  next  a  fine-grained gametifer- 
ouH  mica  schist ;  next,  coarse  gneiss  and  mica  schist ;  and  all  art  strictly  con/ormabk. 
The  chloritic  hydromica  schist  west  of  New  Haven  includes  some  metamorphic 
labradorite-dioryte,  a  rock  I  have  not  found  in  the  Taconic  region  of  Berkshire. 
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IV.  Unconformabimty  of  Upper  Silurian  beds. 

The  three  ranges  of  facts  bearing  on  this  point  are  the  following: 

(1)  The  absence  of  Upper  Silurian  strata  from  among  the  con- 
formable formations  of  the  Green  Mountains. 

(2)  The  existence,  near  the  western  border  of  the  moun- 
tain range,  of  fossiliferous  Lower  Helderberg  limestone  (upper 
divison  of  the  Upper  Silurian)  resting  unconformably  on  the 
upturned  Hudson  River  slates. 

(3)  The  existence  of  fossiliferous  Lower  Helderberg  beds, 
and  in  some  places  Upper  Helderberg,  near  the  eastern  border 
of  the  mountain  range,  in  the  Connecticut  valley,  resting  un- 
conformably on  slates  or  schists  which  may  be  of  Lower  Silurian 
age,  if  not  of  the  period  of  the  Hudson  River  group. 

The  cases  of  unconfonnabilitv  between  the  Lower  Helder- 
berg limestone  and  the  Hudson  River  slates  on  the  western  side 
of  the  mountains  occur  in  the  Hudson  River  Valley,  not  far 
from  the  river,  and  are  described  and  illustrated  in  Mather's 
New  York  Report  (1843).  The  following  figures  are  from 
his  plates;  they  represent  two  cases  east  of  the  Hudson  River 

2. 


,,        - .    ,,.    r^  ^     u-    n  Mount  Bob,  Columbia  Co. 

Becraft^s  Mt,  Columbia  Co.  ' 

and  four  just  west  of. it  Fig.  1.  Becrafts  Mountain,  east  of 
the  city  of  Hudson  (from  Mather,  plate  24),  in  which  fossilifer- 
ous Lower  Helderberg  bedsj  are  nearly  horizontal ;  fig.  2.  Mt. 
Bob  (from   plate  38)   a   few  miles  south  of   Becraft's;  fig.  3 


Between  Glasco  and  the  Great  Falls 
of  the  EsopuB,  Ulster  Co. 


Right  bank  of  the  Rondout,  opposite 
Wilbur,  Ulster  Co. 


(from  plate  7),  in  Ulster  county,  west  of  the  river,  between 
Glasco  and  the  Great  Falls  of  Esopus  Creek  ;  fig.  4  (from  plate 
26),  in  Ulster  county,  on  the  right  bank  of  the  Rondout ;  fig. 


5. 


Two  mfles  northwest  of  Cocksackie,  Two  or  three  miles  west  of  Cocksackie, 

Greene  County.  Greene  County. 

5  (from  plate  8),   in  Greene  county,  two  miles  northwest  of 
Cocksackie;  fig.  6  (from  plate  8),  the  same,  two  or  three  miles 
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west  of  Cocksackie.  Mather  describes  another  section  on  Pine 
Mountain,  between  Rondout  and  Kingston  Point,  where  a  high 
cliff  of  limestone  overlies  unconformably  the  gray  grits  of  the 
Hudson  slate  series,  the  slates  dipping  40®  to  60°  to  the  east- 
southeast,  and  the  limestone  80®  to  the  west-northwest.  Other 
sections,  from  near  Rondout,  are  given  in  the  paper  by  Mr.  T. 
Nelson  Dale,  in  vol.  xviii  of  this  Journal  (1879),  p.  293. 

Special  descriptions  of  the  localities  are  not  here  necessarj. 
From  the  observed  facts  it  was  inferred  by  Logan  that  a  very 
extensive  formation  of  T^ower  Helderberg  limestone  once 
spread  over  the  Hudson  River  valley  ;  and  it  is  certain  that  the 
beds  were  laid  down,  as  he  recognized,  after  the  slates  of  the 
Hudson  River  region  and  other  conformable  rocks  had  been 
upturned ;  and  since  the  slates  are  now  proved  to  be  of 
the  Hudson  River  group,  the  making  of  a  large  part,  if 
not  the  whole,  of  the  Green  Mountains  preceded  the  era  of  the 
Lower  Helderberg.  The  occurrence  of  Niagara  limestone — the 
Coralline  or  Stromatopora  limestone — at  the  Rondout  locality 
(see  the  paper  referred  to  by  Mr.  Dale,  and  Dr.  Barrett's  note 
in  the  same  volume)  is  evidence,  further,  that  the  epoch  of 
upturning  or  mountain-making  preceded  the  Niagara  period, 
which  is  the  first  of  the  Up{>er  Silurian  ;  and  hence  that  it  oc- 
cupied the  interval  between  the  Lower  and  Upper  Silurian. 

The  faulting  and  folding  of  the  Upper  Silurian  strat^a  prove 
the  occurrence  of  later  disturbances,  which  affected  also  the 
underlying  unconformable  slates ;  and .  these,  as  Mr.  Dale  sug- 
gests, may  have  taken  place  at  the  time  of  the  Appalachian  dis- 
turbance after  the  Carboniferous,  and  have  been  a  consequence 
of  the  action  which  raised  the  Catskill  Mountain  plateau. 

On  the  eastern  side  of  the  mountains  the  case  of  unconform- 
able superposition  of  Upper  Silurian  fossiliferous  rocks  occurs 
at  Bern  arc!  ston,  in  northern  Massachusetts,  west  of  the  0)n- 
necticut.  The  facts,  first  made  known  by  Hitchcock,  are  given 
in  detail  in  articles  bv  the  writer  in  this  Journal.*  The 
Lower  Helderberg  age  of  the  fossiliferous  beds  and  their  un- 
conformability  to  the  underlying  argillyte  are  admitted  by  all 
writers  on  the  subject.  These  underlying  slates  are  made  con- 
formable, in  tlie  Vermont  Report,  with  the  calcareous  mica 
schist  and  these,  as  already  stated,  with  the  hvdromica  schist 
farther  west,  where  the  two  are  in  contact.  This  point  of  con- 
formability  needs,  however,  further  studv  before  it  is  received 
as  established.  The  underlying  argillyte,  although  resembling 
that  west  of  the  mountain  belt,  is,  therefore,  not  yet  proved  to 
be  Lower  Silurian.  The  reader  can  review  the  various  con- 
siderations bearing  on  the  question,  and  derive  his  own  conclu- 

*  Third  Series,  vi,  339,  ISt.T  ;  and  xiv,  379,  1877. 
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sion  as  to  tbe  probability  in  the  case.  The  Crinoidal  limestone 
at  Bernardston  is  overlaid  by  quartzyte  and  fine  grained  mica 
schist  which,  since  they  cover  a  Lower  Helderberg  limestone 
stratum, may  be  metamorphic  strata  of  the  Oriskany  group, 
or  the  lower  beds  of  the  Upper  Helderberg.  The  similar  beas 
of  quartzyte  and  mica  schist,  with  conformable  beds  of  am- 
phibolyte,  staurolitic  mica  schist,  and  quartzytic  gneiss  and 
syenyte,  representing  the  same  formation,  extend  up  the 
Connecticut  valley.  At  Littleton,  120  miles  to  the  nortn,  east 
of  the  Connecticut  River,  occur  beds  of  limestone  containing 
fossil  corals  and  Brachiopods  of  the  Upper  Hejderberg ;  and 
on  the  northern  borders  of  Vermont  occur  corals  of  the  same 
age  at  Owl's  Head,  on  the  borders  of  Lake  Memphrema- 
gog.  These  Lower  and  Upper  Helderberg  beds  were  made, 
as  their  positions  and  limits  show,  in  an  arm  of  the  sea,  which 
reached  from  the  St.  Lawrence  region  down  what  is  now  the 
Connecticut  valley,  and  they  seem  to  indicate,  in  connection 
with  other  facts,  that  the  valley  was  defined  at  an  epoch  not 
long  preceding  the  Lower  Helderberg,  or  at  that  of  the  making 
of  tne  Green  Mountains. 

V.  The  Magkitudb  op  an  Individual  among  Mountains. 

A  mountain-individual  comprises  all  the  elevations  or  re- 
sults of  upturnings  and  flexure  that  were  produced  over  a 
continuous  region  in  one  mountain-making  process;  all  that 
was  made  at  one  birth,  or  was  monogenetic.  Thus  the  moun- 
tain-individual called  the  Appalachian  range  comprises  in  its 
breadth  not  merely  the  various  ridges  and  valleys  that  make 
the  mountains  west  of  the  Blue  Ridge,  but  the  Cumberland 
Table  Land  and  its  extension  northward  to  what  was  once  a 
Catskill  Table-land  ;  and  in  its  length  it  reaches  from  Central 
New  York  to  Central  Alabama.  It  has  this  great  extent  and 
yet  it  is  one  of  the  smallest  of  the  earth's  mountain  individu- 
als. Mountain  individuals  are  necessarily  large  because  they 
depend  on  movements  in  the  earth's  crust ;  and,  if  the  crust 
were  no  more  than  twenty-five  miles  in  thickness,  deep  bendings 
much  less  than  100  miles  in  span  and  some  hundreds  in  length, 
would  be,  from  a  physical  point  of  view,  hardly  a  possibility. 
A  very  large  area  is  therefore  required  for  a  mouutam  individ- 
ual oi  folded  rocks.  It  is  hence  natural,  in  the  case  of  a 
mountain-individual  along  western  New  England,  to  look  for 
a  breadth  at  least  equal  to  that  of  the  region  which  the  Green 
Mountains  topographically  cover.  The  Green  Mountain 
region  is  a  northern  portion  of  the  Appalachian  system  and 
these  views  make  it  simply  a  portion  in  which  the  mountain- 
making  occurred  at  an  earlier  epoch,  having  been  hastened,  as 
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the  writer  long  since  suggested,  by  the  existence  on  the  west, 
near  by,  of  the  stable  Archaean  area  of  the  Adirondacks. 

In  conclusion,  I  repeat  the  considerations  that  have  been 
presented : 

1.  The  western  half  of  the  region  between  the  Connecticat 
River  valley  and  the  Hudson  River,  that  is,  the  western  half 
of  the  Green  Mountain  area,  is  proved  to  consist  of  rocks  that 
are  (1)  of  Lower  Silurian  age  ;  and  (2)  of  one  orological  system. 

2.  The  schistose  rocks  of  the  eastern  halt  in  Vermont  vn 
to  a  large  extent  similar  to  those  of  the  western. 

8.  The  rocks  of  the  central  mountain  section  in  Yet- 
mont  are,  in  its  northern  part,  identical  schists  (hydromica,  eta), 
with  those  on  the  east  and  west  sides  of  it. 

4.  The  western  border  of  the  region  in  the  Hudson  River 
valley  has  itsfolded  or  upturned  Hudson  River  (Lower  Silu- 
rian) slates,  overlaid  unconformably  by  Niagara  and  Lower 
Helderberg  (Upper  Silurian)  beds, 

5.  The  eastern  border  of  the  region  in  the  Connecticat 
valley  at  Bernardston,  in  Massachusetts,  Vernon  in  Vermont^ 
and  the  adjoining  part  of  New  Hampshire,  has  Lower  Helder- 
berg beds  overlying,  unconformably,  folded  or  upturned  roofing 
slates  (similar  to  those  on  the  western  side),  the  Lower  Silu- 
rian age  of  which  is  not  improbable;  and  at  Littleton  in  New 
Hampshire,  and  on  Lake  Memphremagog,  in  northern  Vermont, 
occur  unconformable  Upper  Helderberg  (Lower  Devonian)  beds 
with  fossils. 

6.  A  mountain-individual  of  folded  rocks  is  necessarily  one 
of  great  magnitude. 

In  view  of  these  various  considerations,  the  evidence,  al- 
though not  yet  beyond  question,  is  manifestly  strong  for  em- 
bracing the  whole  region  between  the  Connecticut  and  the 
Hudson  (and  to  an  unascertained  distance  beyond)  within  the 
limits  of  the  Green  Mountain  synclinorium. 


Art.  XXV. —  On  a  Xew  Action  of  the  Magy\et  on  Electric  Currents;* 
by  E.  H.  Hall,  Fellow  of  the  Johns  Hopkins  University. 

Sometime  during  the  last  University  year,  while  I  was  read- 
ing MaxwelTs  Electricity  and  Magnetism  in  connection  with 
Professor  Rowland's  lectures,  my  attention  was  particularly  at- 
tracted by  the  following  passage  in  vol.  ii,  p.  144: 

'^It  must  be  carefully  remembered,  that  the  mechanical  foroe 
which  urges  a  conductor  carrying  a  current  across  the  lines  of 
magnetic  force,  acts,  not  on  the  electric  current,  but  on  the  con- 
ductor which  carries  it.     If  the  conductor  be  a  rotating  disk  or 

*  From  the  American  Journal  of  Mathomatics,  vol.  ii,  1879. 
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id  it  will  move  in  obedience  to  this  force,  and  this  motion 
or  may  not  be  accompanied  with  a  change  of  position  of 
ilectric  current  which  it  carriea  But  if  the  current  itself 
ee  to  choose  any  path  through  a  fixed  solid  conductor  or  a 
ork  of  wires,  then,  when  a  constant  magnetic  force  is  made 
it  on  the  system,  the  path  of  the  current  through  the  Con- 
ors is  not  permanently  altered,  but  after  certain  transient 
tomena,  called  induction  currents,  have  subsided,  the  dis- 
ition  of  the  current  will  be  found  to  be  the  same  as  if  no 
netic  force  were  in  action.  The  only  force  which  acts  on 
Tic  currents  is  electromotive  force,  which  must  be  distin- 
hed  from  the  mechanical  force,  which  is  the  subject  of  this 
Iter." 

bis  statement  seemed  to  me  to  be  contrary  to  the  most  natu- 
opposition  in  the  case  considered,  taking  into  account  the 
that  a  wire  not  bearing  a  current  is  in  general  not  aflFected 
,  magnet  and  that  a  wire  bearing  a  current  is  affected  ex- 
7  in  proportion  to  the  strength  of  the  current,  while  the  size 
in  general,  the  material  of  the  wire  are  matters  of  indiflfer- 
.  Moreover  in  explaining  the  phenomena  of  statical  elec- 
ty  it  is  customary  to  say  that  charged  bodies  are  attracted 
ird  each  other  or  the  contrary  solely  by  the  attraction  or  re- 
ion  of  the  charges  for  each  other. 

5on  after  reading  the  above  statement  in  Maxwell  I  read  an 
lie  by  Prof.  Edlund,  entitled  "  Unipolar  Induction  "  (Phil. 
;.,  Oct.,  1878,  or  Annales  de  Chemie  et  de  Physique,  Jan., 
)),  in  which  the  author  evidently  assumes  that  a  magnet  acts 
ti  a  current  in  a  fixed  conductor  just  as  it  acts  upon  the 
luctor  itself  when  free  to  move. 

inding  these  two  authorities  at  variance,  I  brought  the 
jtion  to  Prof.  Rowland.  He  told  me  he  doubted  the  truth 
Maxwell's  statement  and  had  some  time  before  made  a 
y  experiment  for  the  purpose  of  detecting,  if  possible,  some 
3n  of  the  magnet  on  the  current  itself,  though  without  sue- 
.  Being  very  bus}'^  with  other  matters  however,  he  had  no 
lediate  intention  of  carrying  the  investigation  further, 
now  began  to  give  the  matter  more  attention  and  hit  upon 
ethod  that  seemed  to  promise  a  solution  of  the  problem.  I 
my  plan  before  Proi.  Rowland  and  asked  whether  he  had 
objection  to  my  making  the  experiment.  He  approved  of 
method  in  the  main,  though  suggesting  some  very  import- 
changes  in  the  proposed  form  and  arrangement  of  the  ap- 
itus.  The  experiment  proposed  was  suggested  by  the  fol- 
ing  reflection : 

f  the  current  of  electricity  in  a  fixed  conductor  is  itself  at- 
ited  by  a  magnet,  the  current  should  be  drawn  to  one  side 
:he  wire,  and  therefore  the  resistance  experienced  should  be 
*eased. 
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To  test  this  theory,  a  flat  spiral  of  German  silver  wire  was 
iDclosed  between  two  thin  disks  of  hard  rubber  and  the  whole 
placed  between  the  poles  of  an  electromagnet  in  such  a  posi* 
tion  that  the  lines  of  magnetic  force  would  pass  through  the 
spiral  at  right  angles  to  the  current  of  electricity. 

The  wire  of  the  spiral  was  about  ^  mm.  in  diameter,  and  the 
resistance  of  the  spiral  was  about  two  ohms. 

The  magnet  was  worked  by  a  battery  of  twenty  Bunsen  celli 
joined  four  in  series  and  five  abreast  The  strength  of  the 
magnetic  field  in  which  the  coil  was  placed  was  probably  fifteen 
or  twenty  thousand  times  H,  the  horizontal  intensity  of  the 
earth's  magnetism. 

Making  the  spiral  one  arm  of  a  Wheatstone*s  bridge  and 
using  a  low  resistance  Thomson  galvanometer,  so  delicately  ad- 
justed as  to  betray  a  change  of  about  one  part  in  a  million  in 
the  resistance  of  the  spiral,  I  made  from  October  7th  to  October 
lltb  inclusive,  thirteen  series  of  observations,  each  of  forty 
readings.  A  reading  was  made  with  the  magnet  active  in  a 
certain  direction,  then  a  reading  with  the  magnet  inactive,  then 
one  with  the  magnet  active  in  the  direction  opposite  to  the 
first,  then  with  the  magnet  inactive,  and  so  on  till  the  series  of 
forty  readings  was  completed. 

Some  of  the  series  seemed  to  show  a  slight  increase  of  resist- 
ance due  to  the  action  of  the  magnet,  some  a  slight  decrease, 
the  greatest  change  indicated  by  any  complete  series  being  a 
decrease  of  about  one  part  in  a  hundred  and  fifty  thousand. 
Nearly  all  the  other  series  indicated  a  much  smaller  change, 
the  average  change  shown  by  the  thirteen  series  being  a  de- 
crease of  about  one  part  in  five  millions. 

Apparently,  then,  the  magnetos  action  caused  no  change  in 
the  resistance  of  the  coil. 

But  though  conclusive,  apparently,  in  respect  to  any  change 
of  resistance,  the  above  experiments  are  not  sufficient  to  prove 
that  a  magnet  cannot  aftect  an  electric  current.  If  electricity 
is  assumed  to  be  an  incompressible  fluid,  as  some  suspect  ii  to 
be,  we  may  conceive  that  the  current  of  electricity  flowing  in  a 
wire  cannot  be  forced  into  one  side  of  the  wire  or  made  to  flow 
in  any  but  a  symmetrical  manner.  The  magnet  may  tend  to 
deflect  the  current  without  being  able  to  do  so.  It  is  evident, 
however,  that  in  this  case  there  would  exist  a  state  of  stress 
in  the  conductor,  the  electricity  pressing,  as  it  were,  toward  one 
side  of  the  wire.  Reasoning  thus,  I  thought  it  necessary,  in 
order  to  make  a  thorough  investigation  of  the  matter,  to  test 
for  a  difference  of  potential  between  points  on  opposite  sides  of 
the  conductor. 

This  could  be  done  by  repeating  the  experiment  formerly 
made  by  Prof.  Rowland,  and  which  was  thu  following: 

A  disk  or  strip  of  metal,  forming  part  of  an  electric  circuit. 
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was  placed  between  the  poles  of  an  electro-magnet,  the  disk 
catting  across  the  lines  of  force.  The  two  poles  of  a  sensitive 
galvanometer  were  then  placed  in  connection  with  different 
parts  of  the  disk,  through  which  an  electric  current  was  pass- 
ing, until  two  nearly  equipotential  points  were  found.  The 
magnet  current  was  then  turned  on  and  the  galvanometer  was 
observed,  in  order  to  detect  any  indication  of  a  change  in  the 
relative  potential  of  the  two  poles. 

Owing  probably  to  the  fact  that  the  metal  disk  used  had 
considerable  thickness,  the  experiment  at  that  time  failed  to 
give  any  positive  result.  Proi.  Rowland  now  advised  me,  in 
repeating  this  experiment,  to  use  gold  leaf  mounted  on  a  plate 
of  glass  as  my  metal  strip.  I  did  so,  and,  experimenting  as  in- 
dicated above,  succeeded  on  the  28th  of  October  in  obtaining, 
as  the  effect  of  the  magnet's  action,  a  decided  deflection  of  the 
galvanometer  needle. 

This  deflection  was  much  too  large  to  be  attributed  to  the 
direct  action  of  the  magnet  on  the  galvanometer  needle,  or  to 
any  similar  causa  It  was,  moreover,  a  permanent  deflection, 
and  therefore  not  to  be  accounted  for  bv  induction. 

The  effect  was  reversed  when  the  magnet  was  reversed.  It 
was  not  reversed  by  transferring  the  poles  of  the  galvanometer 
from  one  end  of  the  strip  to  the  other.  In  short,  the  phenom- 
ena observ.ed  were  just  such  as  we  should  expect  to  see  if  the 
electric  current  were  pressed,  but  not  moved,  toward  one  side 
of  the  conductor. 

In  regard  to  the  direction  of  this  pressure  or  tendency  as  de- 
pendent on  the  direction  of  the  current  in  the  gold  leaf  and 
the  direction  of  the  lines  of  magnetic  force,  the  following  state- 
ment may  be  made : 

If  we  regard  an  electric  current  as  a  single  stream  flowing 
from  the  positive  to  the  negative  pole,  i.  e.,  from  the  carbon 
pole  of  the  battery  through  the  circuit  to  the  zinc  pole,  in  this 
case  the  phenomena  observed  indicate  that  two  currents  paral- 
lel, and  in  the  same  direction,  tend  to  repel  each  other. 

If,  on  the  other  hand,  we  regard  the  electric  current  as  a 
stream  flowing  from  the  negative  to  the  positive  pole,  in  this 
case  the  phenomena  observed  indicate  that  two  currents  parallel 
and  in  the  same  direction  tend  to  attract  each  other. 

It  is  of  course  perfectly  well  known  that  two  conductors, 
bearing  currents  parallel  and  in  the  same  direction,  are  drawn 
toward  each  other.  Whether  this  fact,  taken  in  connection 
with  what  has  been  said  above,  has  any  bearing  upon  the 
question  of  the  absolute  direction  of  the  electric  current,  it  is 
perhaps  too  early  to  decide. 

In  order  to  make  some  rough  quantitative  experiments,  a 
new  plate  was  prepared  consisting  of  a  strip  of  gold  leaf  about 
2  CHL  wide  and  9  cm.  long  mounted  on  plate  glass.     Oood  con- 
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tact  was  insured  by  pressing  firmly  down  on  each  end  of  the 
strip  of  gold  leaf  a  thick  piece  of  brass  polished  on  the  unde^ 
side.  To  these  pieces  of  brass  the  wires  from  a  single  Bunsen 
cell  were  soldered.  The  portion  of  the  gold  leaf  strip  not  cov- 
ered by  the  pieces  of  brass  was  about  5J  cul  in  length  and  h&d 
a  resistance  of  about  2  ohms.  The  poles  of  a  high  resistance 
Thomson  galvanometer  were  placed  in  connection  with  points 
opj:)osite  each  other  on  the  edges  of  the  strip  of  gold  leaf  mid- 
way between  the  pieces  of  brass.  The  glass  plate  bearing  the 
gold  leaf  was  fastened,  as  the  first  one  had  been,  by  a  soft 
cement  to  the  flat  end  of  one  pole  of  the  magnet,  the  other  pole 
of  the  magnet  being  brought  to  within  about  6mm.  of  the 
strip  of  gold  leaf. 

The  apparatus  being  arranged  as  above  described,  on  the 
12th  of  November  a  series  of  observations  was  made  for  the 
purpose  of  determining  the  variations  of  the  observed  efiFect 
with  known  variations  of  the  magnetic  force  and  the  strength 
of  current  through  the  gold  leaf. 

The  experiments  were  hastily  and  roughly  made,  but  are 
sufficiently  accurate,  it  is  thought,  to  determine  the  law  of  va- 
riation above  mentioned,  as  well  as  the  order  of  magnitude  of 
the  current  through  the  Thomson  galvanometer  compared  with 
the  current  through  the  gold  leaf  and  the  intensity  of  the  mag- 
netic field. 

The  results  obtained  are  as  follows  : 

Current  through 
gold  leafKtrip. 

C. 

•0016 
•0249 
•0:J89 
•0598 
•0595 

n  is  the  horizontal  intensity  of  the  earth's  magnetism  =19 
approximately. 

Though  the  greatest  ditVerence  in  the  last  column  above 
amounts  to  about  8  percent  of  the  mean  quotient,  yet  it  seems 
safe  to  conclude  tliat  with  a  given  form  and  arrangement  of 
apparatus  the  action  on  the  Tliomson  galvanometer  is  propor- 
tional to  the  product  of  the  magnetic  force  by  the  current 
through  the  gold  leaf.  This  is  not  the  same  as  saying  that  the 
effect  on  the  Thomson  galvanometer  is  under  all  circumstances 
proportional  to  the  current  which  is  j)assing  between  the  poles 
of  the  magnet.  If  a  strip  of  copper  of  the  same  length  and 
breadth  as  the  gold  leaf  but  J  mm.  in  thickness  is  substituted 
for  the  latter,  the  galvanometer  fails  to  detect  any  current 
arising  from   the  action   of  the  magnet,  except  an  induction 
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current  at  the  moment  of  making  or  breaking  the  magnet 
circuit. 

It  has  been  stated  above  that  in  the  experiments  thus  far 
tried  the  current  apparently  tends  to  move,  without  actually 
moving,  toward  the  side  of  the  conductor.  I  have  in  mind  a 
form  ox  apparatus  which  will,  I  think,  allow  the  current  to  fol- 
low this  tendency  and  move  across  the  lines  of  magnetic  force. 
If  this  experiment  succeeds,  one  or  two  others  immediately 
safest  themselves. 

To  make  a  more  complete  and  accurate  study  of  the  phe- 
nomenon described  in  the  preceding  pages,  availing  myself  of 
the  advice  and  assistance  of  Prof.  Rowland,  will  probably 
occupy  me  for  some  months  to  come. 

Baltimore,  Not.  19th,  1879. 

It  is  perhaps  allowable  to  speak  of  the  action  of  the  magnet 
as  setting  up  in  the  gold  leaf  strip  a  new  electromotive  force  at 
right  angles  to  the  primary  electromotive  force. 

This  new  electromotive  force  cannot,  under  ordinary  condi- 
tions, manifest  itself,  the  circuit  in  which  it  might  work  being 
incomplete.  When  the  circuit  is  completed  by  means  of  the 
Thomson  galvanometer,  a  current  flows. 

The  actual  current  through  this  galvanometer  depends  of 
course  upon  the  resistance  of  the  galvanometer  and  its  connec- 
tions, as  well  as  upon  the  distance  between  the  two  points  of 
the  gold  leaf  at  which  the  ends  of  the  wires  from  the  galvano- 
meter are  applied.  We  cannot  therefore  take  the  ratio  of  C 
and  c  above  as  the  ratio  of  the  primary  and  transverse  electro- 
motive forces  just  mentioned. 

If  we  represent  by  E'  the  difference  of    potential   of  two 

points  a  centimeter  apart  on  the  transverse  diameter  of  the 

strip  of  gold  leaf,  and  oy  E   the  difference  of  potential  of  two 

points  a  centimeter  apart  on  the  longitudinal  diameter  of  the 

same,  a  rough  and  hasty  calculation  for  the  experiments  already 

E 
made  shows  the  ratio  ^  to  have  varied  from  about  3,000  to 

about  6,500. 

The  transverse  electromotive  force  E'  seems  to  be,  under 
ordinary  circumstances,  proportional  to  My,  where  M  is  the 
intensity  of  the  magnetic  field  and  v  is  the  velocity  of  the 
electricity  in  the  gold  leaf.  Writing  for  v  the  equivalent  ex- 
pression —  where  C  is  the  primary  current  through  a  strip  of 

the  gold  leaf  1  cm.  wide,  and  s  is  the  area   of  section  of  the 

MC 
same,  we  have  E'  ex . 

Koyember  22d,  1879. 

Am.  Jour.  Soi.— Third  Sbbibs,  Vol,  XIX,  No.  111.— Maboh,  1880. 
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Art.  XX VL — Measures  of  (he  Polar  and  Equatorial  Diameten 
of  MarSj  made  at  Princeton,  New  Jersey,  U.  iS.  ;  by  Professor 
0.  A.  Young. 

The  polar  compression  of  Mars  has  never  yet  been  satis- 
factorily determined,  the  results  of  different  observers  ranging 
from  that  of  Sir  W.  Herschel,  who  made  it  -j^,  to  that  of  Bessel, 
who  found  it  insensible.  The  value  ^,  deduced  by  Main  at 
Oxford,  from  his  measures  in  1862-8,  has  probably  been  of  late 
more  generally  accepted  than  any  other,  though  by  no  means 
without  reserve. 

Hartwig,  in  his  recently  published  investigation  upon  the 
diameters  of  Venus  and  Mars,  gives  -^  as  the  result  obtained 
by  combining  all  the  double-image  measurements  made  at 
Konigsberg,  Leiden,  Oxford,  Berlin,  Paris  and  Strassbui^. 

Either  of  these  values,  however,  is  apparently  irreconcilable 
with  the  planet's  known  mass  and  period  of  rotation,  if  we 
admit  the  presence  of  water  upon  i*s  surface,  as  the  polar 
"snow  caps"  seem  to  indicate,  except  upon  the  almost  absurd 
assumption  of  a  density  rapidly  increasing  from  the  center 
toward  the  surface. 

It  hari  seemed  to  the  writer  quite  possible  that  the  difference 
of  illumination  of  the  limbs  of  the  planet,  caused  by  phase, 
may  lie  at  the  bottom  of  the  difficulty.  Except  on  rare  occa- 
sions there  is  phase  enough,  even  at  the  moment  of  opposition, 
to  produce  a  notable  difference  of  appearance  between  the 
fully  illuminated  edge  of  the  planet's  disc  and  that  opposite,  a 
did'erence  which  can  hardly  fail  to  be  felt  in  micrometric 
measurements.  Unexceptionable  observations  for  determining 
the  polar  compression  can  therefore  be  made  only  when  the 
planet  reaches  opposition  audits  node  together.  This  was  so 
nearly  the  case  last  season,  that  on  the  nijiht  of  November 
12th,  an  ol:)server  on  the  planet  would  iiave  witnessed  a  Transit 
of  the  Earth.  At  this  time,  and  for  a  few  davs  before  and 
after,  the  phase  was  extremely  small,  and  an  opportunity  was 
presented  for  determining  the  planet^s  ellipticit}^  such  as  will 
not  be  available  again  for  nearly  half  a  century. 

The  measures  detailed  below  were  made  b}'  myself  with  a 
filar  position  micrometer  attached  to  the  nine  and  one-half  inch 
Equatorial  of  the  School  of  Science  Observatory.  The  object 
glass  of  this  instrument  (by  Clark)  is  constructed  substantially 
upon  the  Gaussian  curves,  and  is  of  the  highest  excellence. 
During  the  past  year  it  has  shown  repeatedly  both  of  the  satel- 
lites of  Mars,  the  two  outer  satellites  of  Uranus,  and  theSatur- 
nian  satellite  Mimas,  the  last,  for  my  eye,  which  is  not  extremely 
sensitive,   being  just  at  the  limit  of   visibility.      The   teles- 
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cope  doubles  distinctly,  and  on  fine  nights  easily,  the  little  com- 
panion of  a*  Capriconi,  nor  has  it  yet  failed  upon  any  of  the 
objects  usually  considered  tests  for  twelve-inch  instruments. 

While  perfectly  aware  that  measures  by  a  filar  micrometer 
are  subject  to  a  considerable  constant  error,  the  measure  of  an 
illuminated  disc  being  always  excessive,  I  have  thought  they 
might  safelv  be  used  in  determining  a  difference  of  diameter  in 
different  directions.  The  wires  were  dark  upon  an  illumina- 
ted field.  The  magnifying  power  throughout  the  observations 
was  898.  The  value  of  one  revolution  of  ihe  micrometer 
screw  at  50°  F.,  as  determined  by  about  a  hundred  star  tran- 
sits, is  17''*860±0'"003.  The  screw  appears  to  be  a  very  per- 
fect one  without  sensible  errors  of  periodicity  or  run. 

Marth's  ephemeris,  in  the  Monthly  Notices  for  June,  1879, 
was  used  in  setting  the  position  circle  and  in  computing  the 
minute  phase-correctiona  Each  measure  of  a  douole  diame- 
ter consisted  of  twenty  settings  of  the  micrometer  wire,  five 
with  the  movable  wire  on  one  side  of  the  fixed  wire,  ten  with 
it  upon  the  other  side,  and  finally  five  more  in  the  first  posi- 
tion. The  correction  for  thickness  of  the  wires  was  deter- 
mined by  a  full  set  of  readings  at  each  of  the  three  different 
fixed  wires,  once  at  least  in  each  evening's  work. 

After  each  measurement  of  either  diameter,  the  wires  were 
turned  90°  by  the  position  circle,  and  the  other  diameter  was 
measured.  In  some  cases,  however,  after  finishing  a  set  of 
four  measures  (two  of  each  diameter)  at  one  of  the  tixed 
wires,  the  movable  wire  was  transferred  to  another  of  the  fixed 
wires,  and  the  same  diameter  was  then  measured  again  as  the 
first  of  a  new  set  The  measures  thus  come  in  pairs,  each 
measure  of  the  polar  diameter  being  matched  with  an  equato- 
rial immediately  preceding  or  following.  The  only  exceptions 
to  the  above  statements  are  the  asterisked  measures  of  Novem- 
ber 12th,  which  consisted  of  but  ten  settings  each,  and  the 
polar  diameter  No.  23  (marked  with  a  dagger)  which  has  no 
strictly  corresponding  equatorial  measure,  work  having  been  in- 
terrupted by  clouds.  A  supplementary  equatorial  measure, 
No.  58,  was  therefore  taken  to  equalize  the  numbers. 

All  the  measures  which  were  made  are  given,  without  omis- 
sion or  alteration  of  discordant  readings.  The  weights  assigned 
are  on  a  scale  of  ten  for  a  perfectly  unexceptionable  obser- 
vation, and  were  determined  from  the  atmospneric  and  other 
conditions  at  the  time  of  observation.  The  total  number  of 
micrometer  readings,  exclusive  of  those  for  determining  the 
thickness  of  wires,  was  1140. 

Had  not  cloudy  weather  prevented,  the  series  would  have 
been  much  more  extensive.  The  nights  of  November  11th 
and  18th  were  entirely  overcast;   on  November  12th  only  a 
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Equatorial  Diameter,  20"'634±  0035.  a  =  Io  =0''168±0'-060. 
single  pair  of  measures  of  small  weight  could  be  obtained,  and 
on  the  1-lih  only  two  pairs  and  an  odd  one.  On  all  the  other 
nights  there  were  also  occasional  periods  of  atraoapheric  dis- 
turbance or  entire  interruptions.  It  ia  especially  to  be  regretted 
that  more  measures  were  not  obtained  at  considerable  western 
hour  angles,  as  they  would  have  gone  far  to  eliminate  the  effects 
of  atmospheric  dispersion  and  astigmatism  of  the  observer's  eye. 
The  observations  have  been  very  carefully  reduced  under  my 
direction,  by  my  assistant,  Mr.  M.  McNeil,  who  deserves  and 
has  my  warmest  thanks  lor  his  interest  and  help  in  tbe  matter. 
In  the  accompanying  tables  the  first  column  contains  the 
reference  number  of  the  observation  ;  the  second  gives  the 
date,  the  third  the  hour  angle  of  the  planet,  and  the  fourth  the 
angle  between  the  measured  diameter  and  the  vertical.  Tbe 
fifth  column  contains  the  measured  diameter,  corrected  for 
thickness  of  wires  and  reduced  to  arc,  and  the  sixth,  headed  p, 
gives  the  assigned  weight  The  seventh  column,  {p+e>),  con- 
taius  the  sum  of  the  corrections  for  refraction    and  phase  in 
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Pol&T Dismetw,  20'^S5a±O'^O43.  C  =  0'-oa2±0036.  Polar  eonipre8Bion=iij. 
units  of  the  third  decimal ;  tbe  eighth  column  {lo)  gives  the  re- 
duction to  opposition,  or  the  correction  necessary  to  reduce  the 
observed  diameter  to  wliat  it  would  have  been  if  the  planet 
were  at  the  same  distance  from  the  earth  as  at  the  instjint  of 
opposition.  The  next  column,  headed  I,  contains  a  correction, 
which  will  be  explained  below,  depending  upon  the  inclina- 
tion of  the  measured  diameter  to  the  vertical ;  the  column  T>o> 
contains  the  concluded  opposition -diameter,  and  the  last  col- 
nmn,  the  product  oblainea  by  muliiplving  the  square  of  each 
residual  by  the  weight  For  the  polar  diameter  J/ji;'=0-6177, 
for  the  equatorial,  0-6485  ;  both  together  =1-2612. 

If  we  apply  the  corrections  for  refraction,  phase,  and  reduc- 
tion to  opposition,  and  group  the  results  according  to  the  angle 
made  by  the  observed  diameter  with  the  vertical,  it  at  once  be- 
comes evident  that  a  further  correction  is  needed,  horizontal 
line*  being  syaiematically  measured  smaller  than  the  same  when 
yertical.  Thun,  if  we  take  the  twenty  measures  of  the  equato- 
rial diameter  made  when  ita  inclination  to  the  vertical  was  more 
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than  45°,  we  get  for  the  mean  (by  weights^  20''-687d=0"^8  at 
a  mean  angle  of  72^*4.  The  nine  nearly  vertical  measores, 
give  20''-730±0"044  at  a  mean  anrfe  of  lO'^-S.  Similarly  the 
ten  nearly  horizontal  measures  of  the  Polar  diameter  give 
20"'608±0"-081  at  a  mean  angle  of  78°-8,  while  the  nineteen 
nearly  vertical  measures  give  20" '706^0 "926,  at  a  mean  angle 
of  16"**9.  No  sensible  diflference  appears  between  results  ob- 
tained when  the  measured  diameter  inclines  to  the  right,  and 
those  obtained  when  the  inclination  is  toward  the  left. 

It  is  not  certain  what  causes  produce  this  difference  between 
horizontal  and  vertical  measures,  but  it  is  probably  due  in  part 
to  atmospheric  dispersion,  and  partly  to  a  known  vertical  astig- 
matism of  the  observer's  eye.  In  either  case  the  effect  would 
be  proportional  to  the  cosine  of  the  inclination,  and  we  may 
therefore  assume  with  sufficient  approximation,  that  the  correc- 
tion required  to  an  observation  is  I=aXcos^;  fi  being  the 
angle  with  the  vertical,  and  a  a  constant  to  be  determined  from 
the  observations  themselves. 

Approximate  values  of  a  can  be  obtained  from  the  data 
given  above  ;  thus  from  the  two  groups  of  equatorial  measures, 
(regarding  each  group  as  a  single  measure)  we  get  a=0"'149. 
The  two  polar  groups  give  a=0''*146;  a  coincidence  which 
strongly  attests  the  reality  of  the  correction. 

It  IS  not,  however,  strictly  correct  to  treat  these  groups  as 
single  observations.  The  more  legitimate  course  is  to  regard 
each  observation,  (corrected  for  refraction  and  phase  and  re- 
duced to  opposition)  as  furnishing  an  equation  of  condition  of 
the  form 

measured  diameter  ^=.  tnie  diameter -\- a  cos  /3. 

This  has  been  done,  and  from  the  equations  of  condition, 
using  the  weights  given,  normals  have  been  formed,  in  several 
different  ways. 

Thus  we  may  take  as  the  unknown  quantities  ;r,  e,  (the  polar 
and  equatorial  diameters)  and  a.  Or  calling  c=e--7r,  we  may 
take  as  the  unknowns  a,  n  and  c,  or  a,  e  and  c.     Or  finally, 

putting  7n= — - — ,  we  may  form  our  normals  with  ?n,  c  and  a 

Whichever  of  the  four  sets  of  normals  we  use,  we  get  for  the 
unknown  quantities  involved,  the  following  values,  weights  and 
probable  errors,  viz : 

£  (Equatorial  Diam.,  Nov.  12,  1879)  =20"-634±0"-034  ;  wt.  8*92 
TZ  (Polar  Diam.,  "       "       *'    )  =  20-552zfc  0*043  ;  wt.  6*85 

m=— —  =  20-593±:  0-035:  wt  8*85 

2 
c,  z=  (£-  ;r)  =  00818db0-0348  ;  wt  8*75 

a  coefficient  of  inclination  correction  =  0-168  it  0*050;  wt  417 


C.  A.  Young — Diameters  of  Mars.  211 

The  introduction  of  the  correction  I  reduces  the  sum  of 
pv"  from  1-3994  to  1-2612. 

The  values  of  the  diameters  are  of  course  not  very  reliable, 
being  subject  to  the  considerable  constant  error  which  always 
afifects  filar  micrometer  measures.  If  we  accept  Hartwig^s 
determination,  9'''352,*  for  the  diameter  at  distance  unity,  a 
value  which  depends  upon  the  whole  body  of  heliometer  and 
doable-image  micrometer  measures  up  to  1877,  we  get  for  the 
opposition  diameter  of  1879,  19''128.  Comparing  this  with 
my  mean,  we  find  1'''46  as  the  constant  error  of  my  filar 
micrometer  measures,  a  value  rather  unexpectedly  large,  but 
not  unprecedented. 

This  constant  error  can  however  have  but  very  slight,  if  any, 
influence  upon  the  measured  difference  of  diameters,  and  we 
find  for  the  ellipticity  of  the  visible  periphery  of  the  planet, 
,       0"-0818       1 

As  the  pole  was  not  on  the  periphery,  but  according  to 
Marth's  ephemeris  at  a  distance  of  14°'5  from  it,  a  slight  cor- 
rection is  still  needed  to  deduce  the  true  polar  compression. 
The  diameter  measared  as  polar  was  that  joining  two  antipodal 
points  in  Areographic  latitude  75°-5.  Eecalling  the  formula 
for  the  radius  of  a  spheroid  at  any  latitude,  viz  : 


=  aV^l 


—  2  £*  sin'  <?>  +  e*  sin'  q) 


1—5*  sin'^ 

OQQ 

and  putting    -=  ^^  we  easily  find  e,  the  eccentricity  of  a 

Ot         Zo^ 

planetary  meridian,  and  from  it  0^,  the  polar  compression. 
Performing  the  solution  we  get  Co=yfY,  which  may  be  taken 
as  the  final  result  of  the  work  here  detailed. 

The  limits  of  probable  error  extend  from  -j^  to  -g-Jri  ^^d  so 
far  as  can  be  judged  from  the  observations  themselves,  the 
chances  are  more  than  two  to  one  that  the  ellipticity  lies  be- 
tween T^  and  yfy. 

The  work  of  reduction  was  nearly  finished  before  the  writer 
had  seen  Professor  Adams's  recent  paper  upon  the  orbits  of  the 
satellites  of  Mars,  in  which  he  gives  yj^  as  the  ellipticity  which 
the  planet  ought  to  have  if  it  follows  the  same  law  of  central 
density  as  the  earth.  The  closeness  of  the  accordance  is  prob- 
ably in  considerable  degree  accidental,  but  it  is  quite  satis- 
factory. 

Prinoeton,  New  Jersey,  Jan.,  1880. 

*  The  mean  diameter  20'*693  resulting  from  my  observations,  when  reduced  to 
distance  unity,  gives  lO'-OGS ;  a  value  seosibly  identical  with  that  obtained  by 
Peiroe  from  a  discussion  of  the  Washington  Mural  circle  observations,  and  used 
in  the  American  Ephemeris. 
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Art.  XXVII. — On  the  Use  of  the  Sineformtda  for  ^  cUvmd 
Variation  of  Temperature  ;  by  B.  A.  GouLD. 

In  the  "  Jahresbericht  des  physikalischen  Centralobservato- 
riums  fiir  1877  und  1878,"  Dr.  H.  Wild,  the  emincDt  director 
of  that  institution,  has  recently  published  some  deservedly 
severe  remarks  upon  the  large  amount  of  time  and  labor  which 
is  unprofitably  spent  in  making  observations  with  inaccurate 
instruments,  and  calculations  with  inaccurate  or  insufficient 
data.  Probably  there  is  no  physicist  who  has  occupied  himself 
with  meteorological  studies  to  any  extent  without  finding  his 
attention  forcibly  attracted  to  the  same  considerations ;  and  it 
would  be  needless  to  add  any  testimony  in  support  of  the 
general  tendency  of  Dr.  Wild's  remarks. 

But  to  my  surprise  I  find  a  foot-note  appended  to  them, 
which  I  transcribe  in  the  original,  lest  I  do  it  injustice  in  the 
attempt  to  translate : 

"Ich  kannte  damals  noch  nicht  den  eben  erst  erscbienenen 
Band  mit  den  physikalischen  Beobachtungen  der  amerikani- 
schen  Expedition  der  **  Polaris,"  wo  Herr  E.  Bessels  das  Ab- 
schreckendste  in  ganz  unndtzen  Berechnungen  alier  meteorolo- 
gischen  Elemente  nach  der  Besserschen  Formel  geleistet  hat 
Schade  um  die  Zeit,  die  so  fiir  eine  bessere  Verwerthung  der 
schonen  Beobachtungen  verloren  ging.  Die  Palme  der  Leis- 
tungen  in  dieser  Richtung  gebiihrt  freilich  Hrn.  Gould,  der  es 
in  dem  erst  erscbienenen,  im  iibrigen  sehr  werthvollen  ersten 
Bandc  der  *  Anales  de  la  Oficina  Meteor61ogica  Argentina*  zu 
Stande  gebracht  hat,  fiir  Buenos  Aires,  aus  bloss  8  Beobacht- 
ungen am  Tage,  4  Constante  der  BesseVschen  Formel  zu  bestim- 
men,  und  damit  den  taglichen  Gang  der  Temperatur,  des 
Barometerstandes,  der  Bewolkung,  etc.  zu  berechnen." 

Had  this  criticism  emanated  from  any  one  whose  scientific 
position  and  services  in  meteorology  were  less  distinguished,  or 
whose  opinions  seemed  entitled  to  less  deference  than  is  de- 
servedly conceded  to  those  of  Dr.  Wild,  I  should  not  reply  to 
it  But,  under  the  circumstances,  I  ask  leave  to  call  attention 
to  one  or  two  considerations  which  he  has  overlooked  in  the 
sarcastic  intimation  that  I  had  undertaken  to  determine  four 
unknown  quantities  from  three  equations. 

As  answer,  I  might,  it  is  true,  cite  the  facts ;  since  the  series 
of  observations  made  for  raanv  vears  at  8  A.  M.,  2  P.  M.  and  8 
p.  M., — a  part  of  which  is  printed  on  pages  314  to  859  of  the 
volume  referred  to, — were  incorporated  in  the  computations  as 
well  as  the  series  made  at  7  A.  M.,  2  p.  M.  and  9  P.  M.  One 
hour  being  common  to  both  systems,  it  was  easy  to  determine 
the  small  constant  correction  needed  for  making  the  two  sys- 
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terns  ooDgraoua  And  it  will  be  seen  that  in  determining  the 
diamal  variation  of  the  temperature  (pp.  412-414)  and  its  ex- 
pression by  the  goniometric  formula,  nve  daily  observations 
were  really  employed  instead  of  three  only  as  stated  by  Dr. 
Wild. 

It  IS,  however,  not  this  circumstance  which  leads  me  to  make 
a  public  rejoinder;  but  the  general  principle  involved.  For  as 
r^ards  the  diurnal  barometric  variation,  the  constants  of  the 
sine-formula  have  in  truth  been  deduced  from  the  results  of 
only  three  daily  observations.  By  reference  to  page  427,  it 
will  be  seen  that  I  intentionally  disregarded  the  results  of  the 
two  others  on  account  of  their  apparent  want  of  congruity 
with  the  other  series  made  by  a  different  observer  and  with  a 
different  instrument.  Here  Dr.  Wild's  implied  censure  might 
find  application  from  his  point  of  view  ;  and  it  is  with  refer- 
ence to  this  that  I  desire  to  reply. 

There  are«  in  these  cases,  conditions  attendant  upon  the 
problem  which  serve  the  purpose  of  additional  equations. 
Even  were  the  so-called  formula  of  Bessel  to  be  regarded 
solely  as  a  means  of  interpolation,  as  Dr.  Wild  seems  to  sup- 
pose it,  the  conditions  that  the  daily  maximum  of  temperature 
occurs  within  two  or  three  hours  after  noon,  and  the  minimum 
not  very  long  before  sunrise,  furnish  the  requisites  for  deducing 
four  constants  fmm  observations  made  at  proper  intervals  three 
times  a  day.  In  determining  the  diurnal  variation  of  the 
barometer,  the  attention  of  the  reader  is,  on  page  427,  directed 
to  this  circumstance,  and  the  two  hypotheses  are  distinctly 
stated  upon  which  the  values  of  the  constants  depend.  It 
appears  to  me  that  any  just  criticism  of  the  investigation  must 
rather  be  directed  against  the  propriety  of  these  hypotheses, 
than  against  the  legitimateness  of  the  method. 

There  is  yet  another  consideration  which,  although  not  fully 
set  forth  in  the  printed  volume,  has  guided  me  in  the  course 
which  I  have  pursued,  and  in  which  I  purpose  to  continue,  in 
the  investigation  of  the  climatic  constants  for  other  points  in 
South  America.  It  is  that  observations  made  at  other  hours 
and  not  very  remote  places  accord  in  confirming  the  general 
form  of  the  diurnal  curves,  which  is  the  only  hypothetical 
assumption.  The  observations  made  before  the  "  Oficina  Me- 
teorologic»  "  was  established,  but  especially  the  series  which 
have  for  some  years  been  carried  on  at  this  observatorv,  afford 
such  corroboration.  The  monthly  means  of  the  hourly  obser- 
vations made  here  during  the  last  two  years  are  very  well  rep- 
resented by  the  sine-formula  with  only  three  variable  terms. 
The  object  of  the  investigations  is  to  attain  a  knowledge  of  the 
true  laws.  If  there  really  are  laws,  they  must  be  capable  of 
expression  by  some  algebraic   formula;    and  numerous  tests 
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have  shown  that  the  sine-formula  affords  such  expression  more 
conveniently  than  any  other  known  to  me ;  so  that  the  well- 
established  general  form  of  the  diurnal  curves  in  these  regions 
affords  the  only  requisite  in  addition  to  the  three  daily  obser- 
vations for  a  trustworthy  determination  of  the  constants.  The 
only  possible  objections  to  this  procedure  are :  either  that  the 
diurnal  curve  is  in  fact  not  a  true  curve,  or  that  the  assump- 
tions relative  to  its  form  are  too  uncertain  to  take  the  place  of 
an  equation  of  condition.  That,  in  these  regions  at  least,  both 
of  these  objections  would  be  untenable  it  would  be  extremely 
easv  to  prove. 

in  his  treatise  upon  the  Temperatures  of  the  Russian  Empire, 
published  in  the  Supplementary  volume  of  the  "  Repertorium 
ftir  Meteorologie,"  I)r.  Wild  has  taken  the  positions — 1st,  that 
the  sine-formula  represents  no  law  whatever  in  the  diurnal 
variation,  but  is  solely  a  means  of  interpolation  ;  and  2d,  that 
the  mean  daily  changes  of  temperature  cannot  be  expressed  by 
any  simple  curve.  And  he  gives  practical  expression  to  these 
opinions  by  totally  abandoning  the  employment  of  all  general 
formulas,  even  for  those  places  where  the  observations  are 
made  hourly.  It  is  apparently  in  advocacy  of  this  singular 
doctrine  that  he  has  made  the  scarcely  courteous  comments 
which  prompt  the  present  remarks. 

Even  were  the  formula  in  question  solely  one  of  interpola- 
tion, I  cannot  see  how  in  this  respect  the  eye  and  free  bana  of  a 
draughtsman  could  be  more  correct.  Yet  it  would  seem  that 
Dr.  Wild  intends  to  assert  this,  and  that  he  believes  that  the 
moments  of  mean  daily  maximum  and  minimum  can  be  better 
determined  by  graphical  approximation  than  by  numerical 
determination. 

Far  be  it  from  me  to  object  to  graphical  methods.  There  is 
no  doubt  of  the  fact  that  in  various  investigations  for  which 
much  more  nicety  is  requisite  than  is  attainable  in  determining 
atmospheric  temperatures,  such  methods  are  most  serviceable. 
But,  so  far  as  my  knowledge  extends,  it  has  never  before  been 
asserted  that  they  afford  greater  accuracy  than  numerical  onesL 
And,  putting  this  question  aside,  how  can  the  excessive 
minuteness  with  which  the  temi)eratures  at  given  moments  of 
local  time  at  the  various  stations  have  been  referred  to  moments 
of  Gdttingen  time,  by  reductions  calculated  to  hundredths  of 
a  degree,  be  supposed  to  afford  a  corresponding  accuracy, 
unless  there  be  reason  to  suppose  that  the  observations  were  in 
general  really  made  at  the  instants  recorded, — that  the  clock 
even  was  always  sharply  determined,  the  observers  unfailingly 
punctual,  and  at  least  the  observed  tenths  of  degrees  reasonably 
trustworthy.  (See  *' Supplement  Band,"  p.  36.)  In  such  cases 
we  cannot  even  suppose  a  compensation  in  the  errors  of  obser- 
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vation,  inasmuch  as  the  effect  of  a  given  error  in  the  time  dif- 
fers at  different  seasons.  Yet,  in  spite  of  all  this,  these  insig- 
nificant minutiae  seem  to  be  thought  worthy  of  application  to 
data  obtained  by  the  free  hand  of  a  draughtsman,  rounding  off 
errors  in  the  observations,  while  the  representation  and  generali- 
zation of  the  results  by  a  formula  accompanied  by  an  exact 
exhibit  of  its  discordances  from  the  several  observations,  is 
deemed  inadmissibla 

If  the  e[)ochs  of  daily  minimum,  as  deduced  from  monthly 
means  of  hourly  observations  by  the  two  methods,  differ  (as  at 
Katharinenburg,  for  example)  by  amounts  varying  between 
-1-57  and  —  71  minutes^  I  cannot  agree  with  the  distinguished 
author  in  attributing  a  large  share  of  such  discordances  to 
errors  occasioned  by  the  use  of  Bessel's  formula ;  nor  even  in 
preferring  the  results  of  the  graphical  method.  It  seems  much 
more  probable  that  the  phenomenon  ought  to  be  attributed  to  a 
very  different  class  of  influences.  It  is  at  least  certain  that 
what  the  draughtsman  obtains  without  gauge  or  measure  in 
equating  out  a  series  of  data,  the  formulas  will  afford  together 
with  accurate  indications  of  the  probable  errors.  Yet  if  in  the 
numerical  computations  the  manifest  uncertainties  and  contra- 
dictions of  inaccurate  data  may  not  be  equated  out,  while  on 
the  other  hand,  the  draughtsman's  line  may  be  boldly  drawn 
across  and  through  all  such  irregularities,  it  is  highly  probable 
that  this  latter  method  may  furnish  a  line  which  represents  the 
true  law  with  a  nearer  approximation.  Wlicn  not  too  many 
terms  are  employed,  the  general  formula  gives  correctly  what 
the  graphical  process  only  gives  approximately";  and  by  a 
glance  at  the  residuals  the  computer  sees  what  additional 
descrec  of  accordance  with  the  data  may  be  attained  by  the 
introduction  of  an  additional  term.  Finally,  upon  the  hazard- 
ous assumption  that  all  the  data  are  faultless,  so  that  only  an 
accurate  interpolation  is  needed,  any  number  of  observations 
may  be  represented  with  absolute  precision  by  the  formula. 
Yet  recourse  to  a  computation  in  which  twelve  variable  terms 
are  used  to  represent  twenty- four  hourly  observations  is  very 
nearly  equivalent  to  a  declaration  that  the  computer  believes  no 
periodic  law  to  exist. 

That  entirely  similar  discordances  present  themselves  be- 
tween the  times  of  maxima  and  minima,  as  obtained  by  the 
two  methods,  for  other  stations  than  the  one  cited  can  cause  no 
surprise.  The  only  sur[)rising  fact  in  the  case  is  that  the 
inference  should  have  been  drawn  that  the  employment  of  a  cy- 
clical formula  is  inadmissible  even  when  it  represents  the  entire 
series  of  observations  within  the  limits  of  reasonable  error. 

Still  retaining  the  hypothesis  already  mentioned  regarding 
the  character  of  the  service  rendered  by  the  sine-formula,  a 
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great  advantage  must  certainly  be  derivable  from  a  general 
expression  which  absolutely  represents  such  observations  as 
exist,  even  though  it  might  not  be  demonstrably  correct  for 
intermediate  moments.  Objections  may  be  urged  against  the 
abase  or  improper  application  of  such  a  formula,  but  there  is 
certainly  a  legitimate  use  for  it.  An  empirical  periodic  func- 
tion can  be  made  to  represent  any  number  of  observations  of 
any  periodic  fluctuation,  provided  the  number  of  constants  be 
equal  to  that  of  the  independent  data.  Whether  it  does  or  does 
not,  at  the  same  time  represent  the  true  law  throughout  its  extent 
is  a  separate  question.  But  surely  the  attainment  of  a  general 
expression  which  represents  the  available  observations  is  most 
im.portant,  since  the  higher  terms  serve  to  make  manifest  the 
degree  of  confidence  to  which  the  lower  ones  are  entitled. 

If,  however,  with  an  inferior  number  of  constants,  a  satisfac- 
tory representation  can  be  obtained,  we  have  an  argument  to  a 
corresponding  extent,  that  the  periodic  variation  does  in  fact 
follow  the  law  expressed  by  the  formula.  This  ceases  to  be 
simply  an  implement  of  interpolation,  whenever  the  number 
of  its  constant  is  less  than  is  logically  required  by  the  data 
and  the  conditions  which  it  adequately  satisfies.  Consequently 
if  the  coefficient  of  the  third  term  is  small  in  a  formula  which 
well  represents  a  given  number  of  observations,  we  have  thus 
a  measure  of  the  trustworthiness  of  the  preceding  terms,  and  at 
the  same  time  are  informed  what  epicyclical  term  suffices  to 
satisfy  the  existing  series.  But  when  a  large  number  of  suc- 
cessive observations,  in  all  parts  of  the  cycle  can  be  sufficiently 
well  represented  by  a  small  number  of  terms,  this  fact  gives 
evidence  that  the  true  law  is  expressed  by  the  formula.  This 
is  the  only  basis  for  a  legitimate  application  of  Bessel's  formula 
to  the  diurnal  variation  of  temperature.  If  it  represents  the 
true  law,  it  ought  to  be  used,  since  it  aflfbrds  the  most  general 
and  convenient  expression. 

The  monthly  means  of  the  hourly  observations  of  tempera- 
ture at  Cordoba  have  been  found  capable  of  representation  with 
great  accurncy  by  sine-formulas  with  only  three  variable  terms. 
The  average  mean  discordance  for  a  single  hour,  since  Novem- 
ber, 1877,  is  0'28°  or  scarcely  greater  than  the  error  to  be 
apprehended  in  a  single  observation,  when  all  sources  of  error 
are  considered.  For  the  barometer  this  discordance  is  less  than 
0*05*^.  We  have  thus  the  evidence  that  the  formula  represents 
the  true  law  of  nature  with  close  approximation  ;  and  the  de- 
gree of  approximation  is  furthermore  attested  by  the  character 
of  the  residuals,  irrespective  of  their  magnitude.  If  the  mental 
constitution  of  the  investigator  is  such  that  he  prefers  to  have 
a  definite  numerical  expression  for  the  degree  of  approxima- 
tioD,  he  may  find  this  in  the  subsequent  terms.     I  consider  it 


218  S.  A.  Gould — Use  of  (he  Sine-formula  far  the 

fally  justifiable  to  employ  a  similar  formula  for  discnasing  a 
small  number  of  daily  observations  made  at  places  not  too 
remote  and  in  which  the  topographical  conditions  are  not  too 
different.  The  results  so  obtainea  thus  far  fully  confirm  this 
view,  and  especially  those  relative  to  the  variations  of  tempera- 
ture. 

In  his  treatise  on  the  temperature  of  the  Bussian  Empire, 
Dr.  Wild  arrives  at  a  conclusion  which  he  expresses  as  follows 
(p.  95):  "For  interpolating  omitted  hours,  especially  those  of 
the  night,  the  formula  of  Lambert  and  Bessel  can, — according 
to  Theorem  11  regarding  the  form  of  the  curve  of  the  diurnal 
period  in  the  temperature, — only  be  applied,  at  most,  for  en- 
tirely maritime  climates.  For  all  places  of  which  the  situation 
is  in  any  degree  continental,  it  must  be  totally  rejected,  on 
account  of  the  sudden  bend  in  the  curve  at  the  time  of  sun- 
rise, which  it  is  only  capable  of  representing  by  tbe  employ- 
ment of  very  many  terms  (10  or  more),  even  for  complete  series 
of  hourly  observations." 

That  this  conclusion  does  not  hold  good  for  Cordoba  will,  I 
think,  be  manifest  to  any  one  upon  inspection  of  tbe  preceding 
table,  which  exhibits  the  residuals  between  the  monthly  means 
of  hourly  observations  and  the  corresponding  values  afforded 
by  the  monthly  sine-forraulas  with  four  variable  terms.  Cor- 
doba is  situated  about  400  miles  from  the  La  Plata  in  a  straight 
line,  and  about  620  from  the  Atlantic,  its  position  being  pre- 
eminently continental.  Buenos  Aires,  however,  for  which 
point  my  use  of  the  sine-forraula  is  so  sharply  censured  by  Dr. 
Wild,  is  a  seaport 

The  residuals  which  result  from  the  use  of  only  three  varia- 
ble terms  are  by  no  means  important,  though  of  course  some- 
what larger  than  those  given  in  the  table.  There  is  a  certain 
tendency  to  grouping  of  their  signs  by  triplets  which  shows 
that  the  fourth  term  may  be  added  with  advantage  ;  yet  neither 
their  order  of  magnitude  nor  the  fluctuation  of  their  signs  gives 
token,  even  in  this  case,  of  any  such  discordance  between  the 
formula  and  the  true  law  of  variation  as  Dr.  Wild  thinks  he 
has  discovered  for  the  Kussian  stations.  Here  at  least  it  may 
be  said  of  the  daily  curve,  '*Natura  non  facit  saltum."  As 
regards  the  magnitude  of  the  residuals,  no  one  can  be  more 
conversant  than  Dr.  Wild  with  the  numberless  influences 
which,  in  spite  of  every  care,  affect  the  accuracy  of  observa- 
tions, nor  yet  with  those  analogous  ones  in  the  varying  and 
intricate  combinations  of  transient  atmospheric  conditions, 
which  by  their  perturbations  throw  a  veil  over  the  true  funda- 
mental law.  And  I  think  he  cannot  fail  to  acknowledge  that 
the  true  law  is  here  expressed  by   the  sine-formula  closely 
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enough  to  justify  its  employment  for  places  in  this  region 
where  the  number  of  daily  observations  is  very  much  smaller. 
In  order  to  show  the  relative  as  well  as  the  absolute  amount  of 
residuals,  I  have  appended  the  mean  amplitude  of  the  observed 
daily  variation  for  each  month. 

Finally  I  am  quite  ready  to  concede  that,  although  the  mean 
daily  variation  in  Cordoba  follows  with  much  regularity  the 
law  expressed  by  a  few  terms  dependent  upon  sines  of  angles 
proportional  to  the  time  of  day,  it  is  by  no  means  improbable 
that  in  higher  latitudes  and  different  circumstances  this  may 
not  be  the  case ;  inasmuch  as  the  simplicity  of  the  law  and  its 
corresponding  formula  may  there  be  essentially  affected  by 
perturbations  which  are  not  manifest  here.  Yet  even  in  such 
case  it  would  be  difficult  to  justify,  either  from  a  scientific  or 
from  any  other  point  of  view,  such  remarks  as  those  cited  at 
the  beginning  of  this  article. 

If  the  efforts  of  meteorologists  to  raise  their  study  to  the 
rank  of  an  exact  science  are  to  attain  that  success  for  which  the 
progress  during  recent  years  justifies  a  hope,  this  can  only  be 
accomplished  through  the  aid  of  algebraic  generalization.  The 
frequent  misuse  of  a  method  affords  no  argument  against  its 
legitimate  employment. 

I  could  wish  that  these  few  remarks  might  tend  to  convince 
the  eminent  Russian  meteorologist,  that  in  his  zeal  against  the 
misuse  of  the  so-called  Bessel  formula,  he  is  in  danger  of  taking 
a  backward  step  and  obstructing  the  progress  of  meteorology 
by  opposing  his  great  influence  to  the  custom  of  algebraic  gen- 
eralization, which  is  a  necessary  condition  for  the  advance  of 
the  science  from  the  descriptive  to  the  exact  stage.  Yet  even 
though  this  hope  should  prove  unfounded,  I  cannot  but  think 
that  he  will  perceive  the  very  great  injustice  which  he  has  done 
to  my  work.  Although  there  is,  under  the  especial  circum- 
stances of  the  case,  a  certain  grim  humor  in  the  imputation  of 
a  needless  waste  of  time  and  labor  in  deducing  illusory  results, 
I  shall  not  allow  myself  to  be  drawn  into  any  personal  consid- 
erations. 

But  in  any  case,  I  must  express  the  earnest  hope  that  the 
comparatively  modern  usage  of  generalizing  meteorological 
results  to  the  utmost  by  means  of  algebraic  formulas  may  be 
stimulated  and  encouraged  in  every  way. 

Cordoba,  Argentine  Republic,  November  9,  1879. 
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Art.  XXVIII. — On  the  Chemical  Composition  of  the  UraniMk 
from  BranchvilUj  Conn,;  by  W.  J.  Ck)icSTOGK.  (Contriba- 
tions  from  the  Laboratory  of  the  Sheffield  Scientific  School 
No.  LVHL) 

The  composition  of  uraninite,  or  pitchblende,  has  never  been 
satisfactorily  established,  although  the  formula  XJ,0,=UO, 
+2U0„  suggested  by  Rammelsberg,  has  been  generedly  ac- 
cepted. The  presence  of  the  other  elements,  shown  in  the  dif- 
ferent analyses,  has  been  explained  by  assuming  that  the 
material  analyzed  was  impura  Professors  Brush  ana  Dana  ob- 
tained during  their  recent  explorations  at  Branchville,*  small 
isometric  crystals  having  a  specific  gravity  of  9*22— 9'28,  which 
reacted  with  the  fluxes  for  uranium,  and  yielded  upon  redac- 
tion before  the  blowpipe  a  globule  of  lead.  They  identified 
the  mineral  with  uraninite  and  suggested  the  probability  that 
the  lead  entered  into  its  composition.  The  material  for  analysis 
was  handed  to  me  by  them. 

The  crystals  occurred  in  a  small  vein  in  albite ;  there  was 
nothing  with  which  they  could  be  confounded,  and  hence  the 
purest  material  was  available  for  analysis.  A  few  crystals  had 
a  thin  yellow  coating,  probably  of  uranium  phosphate.  The 
crystals  were  all  octahedral  in  habit,  in  most  the  planes  of 
the  dodecahedron  appeared,  and  in  a  few  cases,  those  of  ihecube. 
The  mineral  is  readily  soluble  in  nitric  acid,  yielding  a  yell<»w 
solution,  but  it  is  not  acted  upon  by  hydrochloric  acid.  It  de- 
crepitates on  heating  and  gives  off  traces  of  moistura  When 
heated  strongly  in  an  open  tube  it  has  a  very  sbght  acid  reac- 
tion on  litmus  paper.  An  analysis  showed  the  mineral  to  have 
the  following  composition  : 


L 

TT. 

Mean. 

U      =     81-67 

81-33 

81-50 

Pb     z=        4-01 

3-94 

3-97 

Fe     =         -41 

•39 

•40 

0       =     13-37 

13-47 

13-47* 

H,0  z=         -88 

•88 

Total 

...100-22 

^  For  the  oxygen,  tlie  determination  in  No.  II  is  used,  as  it  was  made  wift 
greater  care. 

The  uranium,  lead  and  iron  were  separated  and  weighed 
according  to  the  ordinary  methods.  The  water  was  driven  off 
by  ignition  and  determined  by  absorption  in  a  calcium  chloride 
tube.     The  oxygen  was  determined  by  decomposing  the  min- 

»  This  Journal,  III,  xvi,  35,  July,  1878. 
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eral  with  salpburic  acid  in  a  sealed  tube  and  titrating  with  a 
solution  of  potassium  permanganate,  thus  affording  with  the 
uranium,  lead  and  iron  determined,  all  necessary  data  for  calcu- 
lation. That  this  method  can  be  employed  with  accuracy  in 
presence  of  both  UO,  and  UO,  was  first  proved  by  experiment- 
ing upon  pure  U,0,.  The  best  results  were  obtained  by  boil- 
ing the  sulphuric  acid  used  to  expel  the  air,  and  displacing  the 
air  in  the  tube  by  CO,  before  sealing.  The  following  are  the 
results  obtained. 

Taken.  Found. 

1.  -6160  U,0,  containing -1655  UO,  1647  UO, 

2.  -6016  U.O,  "  -1608  UO,  -1599  UO, 

Assuming  the  state  of  oxidation  in  which  the  lead  and  iron 
exist  in  the  mineral,  the  percentages  of  UO,  and  UO,  can  be  cal- 
culated from  the  data  furnished  by  the  permanganate  titration. 
The  most  probable  assumption  is  that  they  exist  as  PbO  and 
FeO,  replacing  the  UO,  by  equivalent  amounts  of  (PbO),  and 
(FeO),.     The  analysis  then  becomes  : 

Ratios. 
UO,      z=     4008  -1392  -1892 

UO       =     54-61  -2004  ) 

PbO      =       4-27  (PbO),  -0095  [  -2133 


FeO      =         -49  (FeO),  -0034 


H,0      =         -88 


I: 


Total      100-23 
We  shall  then  obtain  the  ratio — 

So, :  RO,=  -2183 :  •1392=1-58  :  1=3-06 : 2 
and  the  composition  of  the  mineral  will  be  represented  by  the 
formula — 

3RO,+2RO, 


in  which  the  R  represents  tetrad  uranium  replaceable  by  two 

TI 

atoms  of  lead  or  iron,  and  R,  hexad  uranium. 

It  is  also  possible  that  the  iron  exists  as  Fe,0^,  which,  like 
pitchblende,  crystallizes  in  the  isometric  system.  But  under 
that  supposition,  the  ratio  of  3  : 2  would  not  be  essentially 
changed. 

When  the  mineral  is  heated  in  air,  it  is  to  be  expected  that 

the  uranium  would  be  oxidized  to  the  state  of  U,0„  and  the 

iron  to  Fe,0,.     Calculated  from  the  analysis,  the  gain  in  weight 

by  this  oxidation  would  amount  to  1-48  per  cent  its  weight     In 

determining  the  water,  the  mineral  was  found  to  weigh  '57  per 

cent  more  after  ignition ;   this,  added  to  the  water  expelled, 

gives  145  per  cent 
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The  mineral  may  then  be  considered  as  a  basic  uranoas  aran- 
ate,  in  which  the  basic  uranium  is  replaceable  by  lead  (and 
iron).  That  the  uranium  exists  in  pitchblende  as  \Jfig.  has 
been  assumed  without  proof;  the  only  related  crystallized 
mineral  heretofore  analyzed  is  the  questionable  uranoniobite  of 
Scheerer,  who  gives  15'6  p.  c.=PbO,Nb,0,  and  SiO^  and  2-7= 
loss. 

The  acid  reaction  shown  in  the  tube  is  unexplained*  It  was 
first  attributed  to  sulphur,  but  by  careful  examination  none 
could  be  detected. 


Art.    XXTX. — On   the   Mean    Free   Path  of  a    Molecuie ;   by 

N.  D.  C.  HoDGEa 


The  free  path  of  a  molecule  is  dependent  on  the  amount  of 
obstruction  it  meets  with,  on  the  density  of  the  medium.  Meyer 
gives  for  the  mean  free  path  on  page  308  of  his  Kinetische 

Theorie   der  Gase,  L= — t^tt^^.     Here  N  is  the  number  of 

molecules  in  the  unit  volume. 

I  consider  the  length  of  path  in  a  medium  of  variable  dcD- 
sity.  At  the  surface  of  a  liquid,  if  there  is  no  sharp  transition 
from  the  liquid  to  the  gaseous  state,  we  shall  have  a  succession 
of  less  and  less  dense  vapors  from  where  there  is  liquid  to  the 
surrounding  atmosphere.  The  layers  V  (fig.  I)  are  what  I  refer 
to.     The  depth  of  these  vapors,  is  of  course,  much  magnified. 

1. 


^ 


T 


I  propose  to  find  the  pressure  upon  the  particle,  jt>,  when  the 
surface  of  the  liquid  is  plain  and  when  it  is  spherical.  Taking 
molecules  moving  with  any  definite  velocity,  they  will  reach  p 
and  give  it  an  impulse,  when  they  are  at  a  distance  from  p  less 
than  their  mean  free  path.  Now,  the  particles  from  below  come 
from  denser  layers  than  those  from  above.  A  greater  number 
will  come  from  below  than  from  above ;  there  will  be  a  tend- 
ency to  drive  p  upward.     To  find  this  tendency,  we  must  find 
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how  much  denser  the  lower  layers,  from  which  molecules  im- 
pinging on  p  come,  are  than  those  above,  from  which  particles 
come  U>  p.  11  dp  is  the  obstruction  met  by  a  molecule  in  pass- 
ing vertically  upward  through  a  single  layer, will  be  that 

met  in  the  direction  at  an  angle  f  with  the  vertical.  The 
integral /^*  dp  gives  the  obstruction  met  by  the  mole- 
cule from  one  end  to  the  other  of  its  path.  This  integral 
must  be  constant,  for  the  length  of  path  is  independent  of  the 
direction.  As  the  diflerential  of  the  obstruction  is  the  same  as 
the  differential  of  the  density. 


\  (pj  cos  q} 


eos  ^^  ^ 

when  /t>,  is  the  density  at  the  point  p  and  /t>j,  that  at  the  other  end 

of  the  path.     As  — ^ =  k,    the   numerator  p^—p.  must  be 

proportional  to  cos  ip.  The  pressure  on  j?  is  proportional  to  this 
difference,  and  the  resultant  component  in  the  upward  direc- 
tion to  cos'  ip. 

When  the  surface  is  spherical  (fig.  2),  each  element  of  the  path 

offers  an  obstruction  expressed  by ,  _  .  v  for  the  parts  be- 
low />,  and  by ^^ ^^  for  those  above  pj  a  is  the  angle 

between  the  radius  of  curvature  at  the  point  p  and  that  to  the 

2. 


other  end  of  the  path,  f—ia  is  the  mean  value  of  the  angle 
between  the  direction  of  the  path  and  the  normals  to  the  surfa- 
ces of  equal  density  for  the  parts  below  p,  and  ^+j^a  the  corre- 
sponding angle  for  those  above  p. 

Integrating,  ^^^/ 7"  I   \  =  ^  =  ^^^/"Vi   \  •    This  shows  that, 

whereas  the  difference  in  density  above  and  below  was  the 
same  for  a  plane  surface,  in  the  case  of  curved  surfaces  the 
pressure  from  below  is  greater,  and  that  upward  less.  Or  the 
pressure  from  below  is  greater,  and  that  from  above  greater. 
This  must  cause  a  greater  density  at  p. 
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The  tendency  for  a  particle  to  move  from  the  liquid  into  the 
surrounding  atmosphere  is  due  to  the  difference  in  density  of 
its  liquid  and  of  its  vapor.  For  small  changes  in  the  density, 
the  change  in  this  tendency  may  be  assum^  as  proportional 
to  the  change  of  density.  It  must  be  found  what  cnange  in 
density  takes  place  &tp.  As  the  change  in  density  is  due  to  an 
increase  of  pressure  on  p,  this  increase  must  be  equal  in  all 
directions.  So  it  is  only  necessary  to  consider  one  directioa 
Take  the  direction  tangent  to  the  curved  surface  at  o.  The  in- 
crease in  pressure  is,  therefore,  proportional  to  the  difference  in 
density  of  the  layer  through/  and  that  through  A,  or  to  the 

fh        XT 

length  /A.     It  is  evident  that  ~r-  =— ,  when  r  is  the  radius 

of  curvature,  and  L  the  length  of  the  mean  free  path. 

^  ,  the  change  of  tension  iL 

Hence  we  have  -rr-— — ^ ^  ^,      :: — i -^ —  =  — 

the  tension  of  the  vapor  at  plane  surface       f 

Sir  William  Thomson  has  shown  that  the  change  in  tension 
at  a  curved  surface  is  equal  to  the  pressure  of  a  column  of  the 
vapor  of  the  height  to  which  the  liquid  would  rise  in  a  capillary 
tube  of  a  diameter  of  twice  the  radius  of  curvature  of  the  sur- 
face 

In  a  tube  of  diameter  1-294°^  water  rises  to  a  height  of 
23.37910111      rpj^g  j^^  f^j.  ^^  calculation  are : 

Weight  of  a  liter  of  water  vapor  (at  100*  C.)    -80357  grams 

*'  "  mercury  13*579        " 

Tension  of  water  vapor  at  20°  C.  1 8*495 "» 

The  height  of  a  column  of  mercury  equivalent  to  the  column 
of  water  vapor  of  height  23-379™  is 

•80357     ,         18*495     23*379 
100, 


13,579'         '      760    '      100 

The  first  factor  is  the  fraction  of  a  liter  of  mercury  which 
a  liter  of  water  eauals.  The  second  reduces  the  height  of  this 
to  millimeters.  The  third  gives  the  result  at  20°  C,  supposing 
the  vapors  to  follow  Boyle's  law.  The  fourth  is  the  fraction  of 
a  liter  there  was  to  be  considered. 

The  expression  for  the  mean  free  path  in  these  surface  vapore 
is  then 

IT         «.., '80357    ,^^     18*495         1         23*379 

*^=-«*'T3;:^'  ^^«'  -76^'   18^95-100-  '  =  "'*'- 

This  gives  L  =  *0000024'"°. 

If  the  law  according  to  which  the  density  of  the  vapors  vary 
with  the  depths  was  known,  the  free  path  of  a  molecule  in  a 
gas  at  the  ordinary  pressure  could  be  found. 

Physical  Laboratory,  Harvard  College,  Cambridge,  U.  S.  A.,  January  27,  1880. 
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Art.  XXX. —  On  the  Western  Limits  of  the  Taconic  System; 

by  S.  W.  FoBD. 

Since  the  publication  of  my  paper  entitled  "  Notes  on  the 
Primordial  Rocks  in  the  vicinity  of  Troy,  N.  Y.  (this  Journal 
for  July,  1871),  Professor  Dana  has  repeatedly  urged  that  the 
Troy  Primordial  beds,  together  with  those  of  Bald  Mountain, 
Washington  County,  and  their  equivalents  farther  northward 
in  Vermont  and  Canada,  should  not,  in  strictness,  be  referred 
to  the  Taconic,  inasmuch  as  they  were  added  by  Dr.  Emmons 
to  his  Taconic  System  several  years  subsequent  to  its  original 
definition,  and  upon  insufficient  grounds.  In  this  view  I  have 
always  acquiesced,  partly  because  of  its  essential  justness,  and 
partly  because  of  the  endless  disputes  and  controversies  which 
Its  adoption  seemed  to  me  calculated  to  prevent  In  my  paper 
referred  to,  the  Troy  beds  are  spoken  or  by  me  as  part  of  the 
Taconic  System,  not,  however,  as  a  believer  in  the  system,  but 
because  the}^  appeared  to  me  to  have  a  better  right  to  this  title 
than  to  any  other  that  had  previously  been  applied  to  them. 
The  Taconic  System,  as  a  system  distinct  from  the  Silurian, 
has  appeared  to  me  from  my  earliest  knowledge  of  it,  of  ques- 
tionable standing ;  but  the  chances  in  favor  of  its  general  ac- 
ceptance seemed  to  me  quite  as  good  so  long  as  it  rested  within 
the  limits  originally  assigned  to  it  In  extending  his  system 
westward,  in  1846,  from  Petersburg,  N.  Y.,  to  the  Hudson 
Eiver,  Dr.  Emmons  certainly  had  the  remarkable  uniformity  of 
dip  and  conformabilitv  of  the  rocks  over  the  region  studied  in 
his  favor ;  but  when  Le  found  himself  under  the  necessity  of 
assuming  an  inversion  of  the  whole  system  in  order  to  get  the 
black  slates  of  Bald  Mountain  (in  which  Trilobites  had  then 
recently  been  discovered)  at  its  summit,  grave  doubts  were 
justly  raised  respecting  the  correctness  of  his  interpretations. 

I  have  no  doubt  that,  to  many,  this  assumption  in  itself  (the 
typical  region  considered  by  Emmons  being  not  far  from  45 
miles  wide),  has  all  along  been  regarded  as  practically  fatal  to 
the  Taconic  cause.  We  now  know,  thanks  to  the  earnest  and 
enlightened  researches  of  Wing,  Dana,  Billings,  Dale,  and  oth- 
ers, that  the  true  Taconic  rocks  represent  the  Champlain  Di- 
vision at  least  from  the  Calciferous  to  the  Hudson  Eiver  group 
inclusive,  and  possibly  the  division  entire ;  but  with  regard  to 
the  North-andSouth  belt  added  to  them  in  1846  (or  that  lying 
between  Petersburg  and  the  Hudson),  while  a  considerable  part 
of  it  has  been  shown  to  be  Primordial,  the  age  of  by  far  its 
greater  portion  is  still  in  doubt  How  far  the  Primordial  beds 
which  come  up  at  Troy  and  Bald  Mountain  are  continued  east- 
ward as  surface  rocks,  it  is  impossible  at  present  to  say.     To 
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my  mind,  one  of  Dr.  Emmons's  greatest  services  to  the  cause 
of  science  was  his  recognition  of  the  great  stratigraphical 
break  running  east  of  the  Hudson  River  by  which  the  Primor- 
dial rocks  were  made  to  stand  above  those  at  the  top  of  the 
Lower  Silurian,  and  his  advocacy  of  it  in  spite  of  the  adverse 
paleontological  determinations  of  Professor  Hall,  who  referred 
the  whole  at  first  to  the  Hudson  River  group,  and  subsequently, 
at  least  in  part,  to  the  Quebec.  Dr.  Emmons's  pronounce! 
antagonism  to  the  Hudson  River  doctrine  grew,  in  this  case  at 
any  rate,  out  of  his  appreciation  of  fundamental  diflPerences ;  and 
for  this  signally  gooii  work,  notwithstanding  the  failure  of  his 
favorite  system,  be  should  ever  receive,  it  seems  to  me,  the 
grateful  recognition  of  all  workers  in  the  department 

New  York,  February  6,  1880. 


SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  On  the  Vapor-deneity  of  Chlorine. — Victoe  Meter  has 
replied  to  the  criticism  of  Seelheim*  upon  his  experiments  on  the 
vapor-density  of  chlorine  at  high  temperatures.  The  platiuous 
chloride  which  was  used  was  heated  in  a  heat.  After  the  opera- 
tion, this  hoat  contained  a  rod  of  solid  coherent  platinum  sponge, 
having  the  form  of  the  vessel.  Removed  with  care,  its  weight 
was  almost  precisely  that  calculated  from  the  PtCl^  No  trace 
of  sublimed  or  crystallized  platinum  could  he  detected.  As  to 
the  experiments  of  Troost  and  Hautefeuille,  it  is  difficult  to  see 
how  platinum  heated  to  a  yellow  heat  in  chlorine,  is  perceptibly 
volatile,  due  to  the  formation  of  platinic  chloride,  since  platinic 
chloride  is  completely  dissociated  at  600°  C.  As  in  all  similar  re- 
actions, time  is  of  course  an  important  factor;  but  the  author 
found  that  a  weighed  quantity  of  platinum  heated  for  an  hour  to 
about  1570°,  in  an  active  current  of  dry  chlorine,  lost  scarcely 
one  per  cent.  Hence  it  can  scarcely  be  supposed  that  the  quan- 
tity of  metal  volatilized  during  the  few  seconds  required  for  a 
vapor  density  determination,  with  no  gas  current,  would  be  at  all 
appreciable. — Ber,  Berl.  Chem.  Ges.^  xii,  2199,  Dec,  1879. 

G.    F.    B. 

2.  On  the  Action  of  Phosgene  gas  on  Ammoiiia. — Fenton 
has  examined  the  whiUi  amorphous  substance  which  is  produced 
when  phosgene  gas  (COCIJ  acts  upon  ammonia,  with  a  view  to 
ascertain  whether  the  urea  contained  in  it  is  the  ordinary  form  of 
this  body  or  an  isomer  of  it.  For  the  preparation,  the  two  thor- 
oughly dried  gases  were  brought  together  in  large  flasks,  the 
phosgene  being  prepared  by  passing  carbon ous  oxide  through 

*  This  Journal,  III,  xix,  65,  Jan.,  1880. 
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boiHng  antimonic  chloride.  A  portion  of  the  white  solid  was  ex- 
amined by  Bouchardat's  method,  and  crystals  of  guanidine  sul- 
5 hate  were  prepared  from  it.  Another  portion  was  evaporated  to 
ryness  with  excess  of  barium  hydrate  in  vacuo  over  sulphuric 
acid,  the  residue  was  extracted  with  absolute  alcohol,  the  solution 
evaporated  to  dryness  on  a  water  bath,  dissolved  in  water,  treated 
with  CO ,  evaporated  and  digested  with  absolute  alcohol.  On 
evaporation  of  the  alcohol  crystals  were  obtained  having  all  the 
appearance  of  urea.  Treatecf  with  sodium  hypobromite  and  hy- 
pochlorite, the  nitrogen  evolved  was  nearly  twice  as  much  with 
the  hypobromite.  Evaporated  with  silver  nitrate,  silver  cyanate 
crystallized  out.  Heated  in  a  tube,  ammonia  was  evolved  and 
the  residue  gave  a  strong  reaction  for  biuret.  Heated  to  40° 
with  urea  ferment,  its  solution  became  alkaline  and  gave  off  am- 
monia. Nitric  acid  and  mercuric  nitrate  gave  their  characteristic 
reactions.  Hence  the  substance  obtained  is  identical  with  ordi- 
nary urea.  Direct  tests  showed  that  this  urea  existed  as  such  in 
the  original  white  powder,  and  hence  rendered  it  probable  that 

its  isomer,  the  symmetrical  carbamide  CO  -I  i^o'    is  i^ot  formed 

in  the  reaction. — J.  Chem.  8oc,j  xxxv,  793,  Dec.  1879.     g.  f.  b. 

3.  On  the  Hydrocarbon  Fluoranthene. — Fittig  has  published, 
in  conjunction  with  Liepmann,  a  second  paper  upon  fluoranthene, 
a  hydrocarbon  discovered  by  him  in  1875  and  described  in  1878. 
It  occurs  among  the  more  solid  products  of  the  final  distillation 
of  coal  tar,  and  has  the  formula  C^^H,,,  intermediate  between 
phenanthrene  C,^H,,  and  pyrene  C,,H  .  Separation  from  pyrene 
Dy  the  fractional  crystallization  of  tne  picrates  being  tedious, 
fractional  distillation  in  a  partial  vacuum  was  resorted  to  with 
success.  The  vapor  density  of  the  pure  fluoranthene  was  6*638, 
theory  requiring  6*574  for  C^^H,^.  On  oxidation  with  chromic 
acid,  diphenyleneketone-carbonic  acid  is  the  principal  product, 
mixed,  however,  with  a  quinone.  By  conducting  the  operation 
with  care,  a  mixture  is  obtained  on  the  filter,  of  the  acid,  the 
quinone,  and  the  unattacked  hydrocarbon.  Removing  the  acid 
with  sodium  carbonate  and  dissolving  the  residue  in  hot  alcohol, 
long,  flat,  ruby-red,  brilliant  needles  of  a  compound  of  the 
quinone  with  fluoranthene  C,^HgO,-f-(C  H,^),  separate  on  cooling. 
Treatment  with  hydro-sodium  sulphite  dissolves  the  quinone,  leav- 
ing the  hydrocarbon.  The  quinone  crystallizes  from  alcohol  in 
small  red  needles,  fusing  at  188**.  Diphenyleneketone-rarbonic 
acid  resists  oxidation  energetically,  and  hence  may  be  prepared 
from  the  crude  product  from  the  press.  Treated  with  fuming 
nitric  acid  at  a  gentle  heat  it  gives  mononitro-diphenyleneketone- 
carbonic   acid.      Fused   with   potassium   hvdrate,   it   gives   iso- 

A\  k     *    o«;^   r.  CT    S  COOH  j  C  H.COOH      , .  ,  . , 

diphenic  acid,  C^H^  -j  qqqjj  or   -J  q  jj  cqqjj»  "^^^^^  on  oxida- 

i  c^cJu 

tion  gives  isophthalic  acid,  C^H^  \  ^qqij.  Suspended  in  water, 
and  treated  with  sodium  amalgam,  diphenylep^k^tope-carbonic 
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aoid  yields  a  carboxyl  derivative  of  diphenylenemethane  (flaorene), 

which  the  authors  call  fluorenic  acid,  J,  tt  _  rO^H'     "^^^  ^d^  dis- 

tilled  with  lime  gives  the  hydrocarbon  flaorene  X  tt  ^^^«-  Ox- 
idation by  chromic  acid  destroys  fluorenic  acid,  but  with  permaa- 
ganate  in  an  alkaline  solution,  diphenylene-ketone-oarbonic  acid 
is  formed.     From  these  data  the  authors  assign  to  fluoranthene 

the  formula  A  tt  <>     ,  and  to  diphenyleneketone-carbomc 

acid  A  TT  _rOOH'  ^s^^ip^®^^^  ^^  being  as   above  given. — Lie- 

hig^8  Ann.,  cc,  1,  Dec.  1879.  6.  f.  b. 

4.  On  the  Introduction  of  Hydroxyl  by  Direct  Oxidation, — R 
Meyer  and  A.  Baur  have  examined  the  possibility  of  converting 
cumene-sulphonic  acid  into  an  oxyacid  by  direct  oxidation  while 
its  isomer,  propyl-benzene-sul phonic  acid  resists  this  action.  Nor- 
mal propyl-benzene  was  converted  into  the  sulpho-acid,  and  this, 
first  into  the  barium  and  then  into  the  potassium  salt.  The  lat- 
ter, submitted  to  permanganate,  in  solution  of  potassium  hydrate, 
gave  only  carbonic  acid,  the  greater  part  of  the  salt  remaining 
unchanged.  Cumene  from  cuminic  acid  was  converted  into 
cumene-sulphonic  acid,  and  the  potassium  dalt  was  submitted  to 
oxidation  as  in  the  previous  case.  A  product  resulted  which  was 
markedly  more  soluble  in  alcohol  than  the  salt  used,  and  which  af- 
forded on  analysis  the  formula  C^H^  \  ^X  ^    .    Consequently  the 

oxidation  had  resulted  in  the  substitution  of  an  atom  of  hydroxyl 
for  one  of  the  hydrogen  atoms  in  the  lateral  isopropvl  chain,  pro- 

o  X  /r      .      These 

results  are  a  new  confirmation  of  the  view  that  only  hydrogen 
atoms  which  occupy  tertiary  positions  can  be  changed  into  hy- 
droxyl by  a  direct  oxidation,  the  isopropyl  group  containing  one 
such  hydrogen  atom,  the  propyl  group  none. — ner,  £erL  Chein, 
Ges,,  xii,  2238,  Dec.  1879.  G.  p.  b. 

5.  On  the  Corutitution  of  Dihro methylene. — There  are  two 
bodies  of  the  formula  C  JI^Br^ ;  one  acetylene  dibromide,  and  the 
other  dibromethylene.     One  of  these  bodies  must  be  symmetrical 

CHBr 
and  have  the  constitution    ||  ;  the  other  must  be  unsymmetri- 

CHBr 
CH, 
cal,  and  be    ||      .     Anschtltz   has   demonstrated   that   it    is  the 

CBr, 
acetylene  dibromide  which  is  symmetrical,  and   hence,  by   infer- 
ence, the  dibromacetylene  must  be  unsymmetrical.     To  establish 
this  question  experimentally,  Demole  has  made  use  of  the  fertile 
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discoyery  of  Friedel  and  Crafts,  that  alaminam  chloride  remark- 
ably facilitates  the  substitution  of  a  hydrocarbon  radical  for  a 
haloid  element,  and  mixed  together  28  grams  dibromethylene 
with  150  grams  benzene,  adding  gradually  to  the  mixture  from 
40  to  60  grams  of  Al^Cl^.  Hydrobromic  acid  was  disengaged, 
the  reaction  proceeding  quietly.  On  fractioning  the  hydrocar- 
bons obtained  two  products  were  collected,  one  boiling  from  270° 
to  290°,  and  the  other  above  350°.  The  former  was  an  oil,  color- 
less, highly  refractive,  of  an  agreeable  odor,  having  the  formula 
Cj^Hj,,  or  that  of  stilbene  or  diphenyl-ethylene.  Its  boiling  point, 
and  its  state  as  a  liquid  show  it  to  be  the  dissymetrical  stilbene 
of  Hepp.  To  prove  this  dissymetry  still  further,  it  was  oxidized 
with  chromic  acid,  saturated  with  sodium  carbonate,  and  the 
crystallized  sodium  salt  distilled.  The  substance  obtained  boiled 
at  295°-300°,  crystallized  on  cooling  in  large  white  rhombic 
prisms,  fusing  about  48°,  and  was  therefore  pure  benzophenone, 

CO  ]  q'h*.— ^w^-  ^oc.  Ch.,  II,  xxxii,  547,  Dec.  1879.     g.  p.  b. 

6.  On  the  Archil-lichens  of  Calif omia, — Hesse  has  submitted 
the  archil-producing  lichens  obtained  from  California  to  a  chem- 
ical examination.  He  gives  the  Neue  Freie  Presse  of  Vienna 
credit  for  the  statement  in  1871  that  300  persons  had  gone  from 
New  York  to  Lower  California  to  collect  tnese  lichens  then  lately 
discovered.  They  were  found  on  hard,  rocky  soils  near  the  coast, 
and  a  single  person  could  collect  a  ton,  valued  at  300  dollars,  in 
four  days.  In  the  year  1870  the  archil  sold  in  the  United  States 
from  this  source  was  valued  at  $14,900,  and  the  extract  prepared 
from  it  at  |;4,700.  The  lichens  found  their  way  to  the  London 
market,  and  specimens  reached  him  late  in  1871.  They  had  been 
pronounced  lo  be  the  well-known  lichen  RoceUa  tinctoHa ;  but 
doubting  the  correctness  of  this  view,  Hesse  sent  specimens  to 
Laurer,  the  lichenologist,  who  answered*by  letter  that  it  appeared 
to  be  new,  and  proposed  for  it  the  name  RoceUa  frutectosa^  plac- 
ing it  between  M.  tinctoria  and  R.fucifarmis  and  nearer  the  lat- 
ter. Hesse  himself  placed  it  as  a  variety  of  R.  fuciformis.  The 
lichens  were  extracted  with  milk  of  lime,  the  lime  was  thrown 
down  by  carbon  dioxide  gas,  and  the  chromogen  was  purified  by 
crystallization  from  hot  alcohol.  When  pure  it  exhibited  all  the 
properties  of  /^-erythrin,  and  gave  on  analysis  the  same  formula, 
C„H  O^,,.  It  is  optically  inactive  and  yields  picroerythrin  and 
orselHnic  ether  when  decomposed  by  alcohol.  Beside  erythriu, 
the  lichen  contains  very  small  quantities  of  rocellic  acid.  The 
author  regards  this  as  confirmatory  of  his  view  as  to  the  species. — 
Ldebig*s  Ann.,  cxcix,  338,  Nov.  1879.  G.  F.  b. 

7.  071  the  Determination  of  Sulphur  in  Coal, — Nakakuba,  a 
student  in  the  Engineering  College  in  Tokio,  has  devised  a  new 
process  of  determining  sulphur  in  a  coal,  which  seems  to  work 
well.  It  consists  in  heating  the  coal  below  a  red  heat  in  contact 
with  alkaline  carbonates,  by  which  the  coal,  whether  bituminous 
or  not,  rapidly  imdergoes,  without  evolution  of  smoke,  complete 
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atmospheric  oxidation  in  a  manner  hardly  to  have  been  expected. 
To  one  part  of  coal  in  very  fine  powder  take  three  or  four  paru. 
of  the  mixed  alkali-carbonates.  Mix  intimately  in  a  platinum 
dish  and  heat  at  first  gently,  using  alcohol  in  place  of  gas  to  ayoid 
the  sulphur  of  the  latter.  Raise  the  heat  very  slowly,  not  reach- 
ing a  visible  red  until  the  surface  of  the  mass  becomes  faintly 
gray.  Then  heat  to  a  faint  red,  and  keep  it  there  for  an  hour, 
when  the  mass  will  be  nearly  or  quite  whita  It  is  then  treated 
with  water,  filtered,  and  tne  sulphuric  acid  determined  in  the 
filtrate  as  usual.  The  complete  combustion  of  coal  and  coke  at 
80  low  a  temperature  is  noticeable.  The  carbonate  seems  to  exeit 
no  chemical  action  in  the  case,  but  acts  mechanically,  apparently 
the  spaces  between  the  particles  allowing  a  draft  of  air,  and  the 
combustion  proceeding  from  the  bottom  toward  the  top.  Direct 
experiment  shows  no  loss  of  sulphur,  and  comparative  testa  pro?e 
the  results  to  be  accurate.  The  complete  roasting  process  occa- 
pies  about  an  hour  and  a  half. — J,  Chetn.  Soc,^  xxxv,  785,  Dec 
1879.  G.  P.  B. 

8.  A  Theoretical  and  Practical  Treatiee  on  the  Manufaetum 
of  Sidphnric  Acid  and  Alkali^  toith  the  Collateral  Branches  ;  hy 
George  Lunge,  Ph.D.,  F.C.S.,  Professor  of  Technical  Chemis- 
try at  the  Federal  Polytechnic  School,  Zurich  (formerly  manager 
of  the  Tyne  Alkali  Works,  South  Shields),  London,  1879.  VoL 
I,  pp.  658,  8vo.  (John  Van  Voorst). — Dr.  Lunge,  in  his  volume 
on  Sulphuric  Acid,  explains  in  full  detail,  not  only  the  practical 
steps  of  the  manufacture,  but  discusses,  as  only  a  good  chemist 
can,  the  theoretical  questions  involved  in  the  various  processes. 
The  work  is  illustrated  with  plans  drawn  to  scale,  of  every  part 
of  all  the  apparatus  required,  and  such  clear  directions  as  to  con- 
struction, and  such  minute  instructions  as  to  0[)erating  are  given 
that  the  book  is  a  complete  guide  to  the  manufacturer. 

Since  the  first  decade  of  this  century,  when  sul]>hurous  acid 
was  first  conveyed  in  a  continuous  stream  into  the  lead  chamber, 
and  the  steam  jet  was  introduced,  and  the  operation  thus  made 
unintermittent,  the  main  features  of  this,  the  most  important  of 
all  the  chemical  industries  have  remained  unchanged.  But  the 
ingenuity  of  manufacturers  has  found  ample  scope  in  discovering 
other  sources  of  sulphur  than  crude  brimstone,  and  devising  suit- 
able furnaces  for  burning  them  in,  and  in  contriving  means  for 
reducing  to  the  utmost  the  loss  of  sulphur  and  nitrogen.  Iron 
pyrites,  and,  to  a  limited  extent,  other  sulphuretted  minerals  and 
other  metallurgical  products,  have  displaced  brimstone  in  most 
European  works.  This  change  was  begun  in  18S8,  when  the  Si- 
cilian Government,  by  unwisely  raising  the  price  of  brimstone, 
drove  acid  makers  to  seek  a  substitute ;  and  it  has  been  consum- 
mated ])y  the  introduction,  since  1860,  into  every  European  ma^ 
ket  of  the  copper-bearing  pyrites  of  Spain,  whose  profitable 
yield  of  copper  allows  of  a  very  low  price  being  charged  for  its 
sulphur  contents.  Of  this  important  mineral  not  less  than  600,- 
000  tons  are  imported  annually  into  (^reat  Britain  alone,  prima- 
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ily  for  the  manufaotare  of  acid ;  bat  20,000  tons  of  metallic 
opper  are  extracted  from  it  by  leaching — a  not  inconsiderable  lye 
roduct.  Dr.  Lunge  expresses  surprise  that  similar  mineral, 
rhich  he  supposes  to  abound  in  many  localities  on  this  side  the 
Atlantic,  has  not  here  also  taken  the  place  of  brimstone.  The 
eason  is  that  no  mineral,  as  suitable,  does  exist  within  avail- 
ble  distance  of  our  manufacturing  centers.  It  is  a  question 
rhether  Spanish  and  Portugese  pyrites  might  not  be  profitably 
umt  by  tne  Atlantic  coast  works  of  the  United  States.  Toward 
decision  of  this  question,  Dr.  Lunge  offers  ample  data  by  can- 
idly  discussing  the  advantages  and  disadvantages  of  brimstone 
nd  pyrites  respectively  as  a  source  of  sulphur,  and  by  describing 
he  modifications  in  plant  which  the  change  involves. 

Another  topic  to  which  Dr.  Lunge  devotes  several  chapters,  and 
rhich  merits  the  consideration  of  our  manufacturers — as  there  is 
ome  misapprehension  on  the  subject --is  the  best  method  of  add- 
Dg  the  nitre  and  the  most  efilcient  mode  of  preventing  its  loss, 
everywhere  the  Gay  Lussac  tower  is  used  to  absorb  by  means  of 
alphuric  acid  the  nitrous  acid  escaping  from  the  last  chamber ; 
»ut  our  manufacturers  do  not  seem  yet  to  have  recognized  the 
all  value  of  the  Glover  tower,  when  placed  between  the  burner 
.nd  the  first  chamber.  There  is  an  opinion  prevalent  that  if  the 
olphurons  acid  from  the  burner  be  used  in  the  tower  to  decom- 
M>se  the  nitrosulphnric  acid,  the  temperature  is  raised  to  a  degree 
afficient  to  liberate  nitrogen  and  far  above  that  at  which  the 
^ases  should  enter  the  chamber.  Dr.  Lunge,  who  was  one  of  the 
irst  manufacturers  to  adopt  the  invention  which  Mr.  Glover 
reely  offered  to  the  public,  shows  conclusively  that  these  objec- 
ions  were  not  valid,  and  describes  how  the  Glover  tower  is  not 
►uly  the  best  denitrificator,  but  a  most  economical  concentrator 
►f  chamber  acids,  and  the  most  desirable  point  in  the  circuit  at 
^hich  to  add  the  nitre. 

Full  descriptions  are  given  of  Faur  &  Kessler  composite  plati- 
lam  and  lead  stills,  and  of  the  modifications  in  shape,  with  conse- 
[uent  reduction  in  weight,  which  this  innovation  has  driven  the 
►Id  platinum-still  makers  to  adopt. 

All  the  volume  needs  is  an  index,  which,  strange  to  say,  is  al- 
ogether  wanting.  j.  douglass. 

9.  JTie  Chemistry  of  Common  TAfe;  by  the  late  James  F.  W. 
foHNSTON,  Professor  of  Chemistry  in  the  University  of  Durham, 
itc.  A  new  edition,  revised  and  brought  down  to  the  present 
ime  by  A.  H.  Church,  M.A.  692  pp.,  8vo.  New  York,  1880. 
D.  Appleton  and  Co). — A  great  advance  has  been  made  since  the 
mblication  of  the  first  edition  of  this  work,  by  Professor  Johns- 
on, twenty-five  years  ago,  both  in  the  science  of  Chemistry  itself 
md  in  the  extent  to  which  the  general  public  is  familiar  with  its 
principles.  The  novelty  of  the  discussions  is  consequently  not 
low  so  great  as  then,  but  on  the  other  hand  the  general  interest 
elt  in  them  is  probably  greater.  This  clear  exposition,  by  Pro- 
essor  Johnston,  of  the  many  points  in  which  Chemistry  touches 
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eyery-day  life,  has  been  and  will  still  be,  the  means  of  doins 
much  good.  The  editor,  Professor  Church,  has  brought  the  book 
down  to  the  present  time,  but  throughout,  as  he  states,  with  the 
design  to  respect  both  the  method  and  style  of  the  original  work. 

10.  "  Why  the  Air  at  the  JEquator  is  not  Matter  in  Januarf/ than 
in  July  f*  by  A.  Woeikof  (St.  Petersburg). — ^In  Nature,  vol.  xxi, 
p.  129,*  Mr.  CroU  gives  his  reasons  why  the  equator  is  not  much 
warmer  in  January  than  in  July,  notwithstanding  the  greater 
nearness  of  the  sun  at  the  former  season.  To  state  the  case  briefly, 
he,  having  recalled  the  fact  that  the  whole  earth  is  colder  in  Jan- 
uary than  in  July,  because  in  the  former  the  cold  winter  of  the 
northern  (or  principally  land)  hemisphere  coincides  with  the  mild 
winter  of  the  southern  (or  principally  water)  hemisphere,  he  con- 
tinues: "Consequently  the  air  which  the  equatorial  regions 
receive  from  the  trades  must  have  a  higher  temperature  in  July 
than  in  January.  The  northern  is  the  dominant  hemisphere;  it 
pours  in  hot  air  in  July  and  cold  air  in  January,  and  this 
effect  is  not  counterbalanced  by  the  air  from  the  opposite  hem- 
isphere. The  mean  temperature  of  the  air  passing  into  the  equt- 
torial  regions  ought  therefore  to  be  much  higher  m  July  than  in 
January,  and  this  it  no  doubt  would  be  were  it  not  for  the  coun- 
teracting effects  of  eccentricity."  And  further :  "  There  is  another 
case  which  must  also  tend  to  lower  the  January  and  raise  the  Julj 
temperature  of  the  equator :  the  northern  trades  pass  farther  south, 
and  consequently  cool  the  equatorial  regions  more  during  the 
former  than  the  latter  season." 

I  maintain  that  there  is  no  such  influence  of  the  northern  trade* 
on  the  temperature  of  the  equator,  because  they  scarcely  any- 
where reach  it,  and  then  because  the  lower  latitudes  of  the  north- 
ern hemisphere  are  not  colder  in  January  than  those  of  the  south- 
ern hemisphere  in  July.  In  the  Atlantic  the  northern  trades  do 
not  reach  the  equator  at  all  in  January^  but  only  in  February, 
March  and  April,  and  this  but  in  the  western  part  of  the  ocean. 
The  same  may  be  said  of  the  Pacific  in  its  eastern  part,  where 
alone  the  trades  are  regular.  In  the  Western  Pacific,  as  well  as 
in  tlie  Western  Indian  Ocean,  I  admit  that  air  from  the  northern 
hemis])here  reaches  to  the  equator  and  somewhat  beyond  in  Jan- 
uary but  not  that  this  tends  to  give  the  equator  a  lower  tempera- 
ture in  this  month  than  in  July.  According  to  Dove,  the  mean 
temperature  of  10°  N.  in  January  is  77°*2;  of  lO"*  S.  in  July,  TC**'!. 

ISo  far  as  the  teinperat^tre  of  the  equator  is  concerned^  the  south- 
ern is  th^  dominant  hemisphere^  and  the  equator  is  certainly  cooled 
by  winds  coming  from  the  south.  If  the  equator  is  not  every- 
where warmer  in  January  than  in  July,  this  is  caused  by  the 
rainy  season,  which  on  the  equator,  and  even  a  few  degrees  north 
of  it,  generally  coincides  with  the  southern  summer.  Where  the 
rains  are  not  very  heavy,  as,  for  example,  on  the  Isle  of  St 
Thomas,  West  Africa,  we  have:  January,  YS^S ;  July,  75***7;  at 
Padang,  Sumatra,  where  the  rains  are  exceedingly  heavy  all  the 

*  This  Journal,  February,  1880,  p.  142. 
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lere  is  scarcely  any  difference  at  all  between  the  months. 
hat  to  the  south  of  th<^  eqnator,  where  to  the  difference  in 
mess  of  the  sun  is  added  a  much  greater  height  above  the 
in  January,  we  have — 

Jftnnary.  July.  Rainy  Season, 

oa,  Molucca  Islands,  4"*  S.  80*'*9  77"'4  May  to  August. 

a,  Java,  6'  S.  77 '7  78'' 8  December  to  Febroary. 

abuco,  Brazil,  8"  S.  80°-6  75^-0  April  to  July. 

:he  first-rate  observations  of  Batavia,  it  is  established  that, 
s  6°  S.,  January  is  1***1  colder  than  July,  because  the  former 
rainy,  while  the  latter  has  little  rain.  Even  to  9°  lat.  N., 
colder  than  January,  if  the  former  has  much  more  rain, 
example — 

ido  Po,  W.  Africa,  4'*  N.      79°-9  76''-5  March  to  November, 

koro,  Upper  Nile,  b"  N.        81''-3  75*-7  Aprd  to  August 

wn,  W.  Africa,  8^*  N.  80''-4  77°*0  June  to  October. 

.,  in  the  lowest  latitudes  of  the  northern  hemisphere,  we 
Terences  amounting  to  r»°'6,  while  in  the  southern  greater 
10^8  than  l°'l  are  not  known,  which  may,  to   a   certain 

be  ascribed  to  the  nearness  of  the  sun  in  January, 
ak  I  have  proved  that,  as  to  what  we  call  the  temperature 
air  (really  that  of  the  lowest  stratum),  it  is,  on  the  equator 
ew  degrees  north  and  south  from  it,  far  more  influenced 
yearly  distribution  of  clouds  and  rain  than  by  the  differ- 
ount  of  heat  received  from  the  sun.  The  result  would  be 
It  if  we  knew  the  temperature  of  the  whole  stratum  of  air. 
ating  of  the  upper  surface  of  the  clouds  by  the  sun,  and 
lly  the  heat  liberated  in  the  condensation  of  water  must 

the  higher  strata  a  superior  temperature  than  that  they 
the  dry  season ;  in  other  words,  the  decrease  of  tempera- 
th  elevation  is  much  slower  during  the  rains  than  in  the 
ison,  as  was  shown  for  India  by  Mr.  Blanford.  This  is 
r  other  regions,  and  where  the  sky  is  cloudy  and  rains 
int  in  the  greater  part  of  the  year,  the  temperature  of  the 
air  may  yet  be  higher  than  in  drier  climates,  where  the  soil 
e  lower  stratum  of  air  are  hotter. 

not  agree  with  Mr.  Croll  in  what  he  states  at  the  end  of 
,er  as  to  the  effect  of  winds  in  cooling  the  equatorial  regions 
ndering  them  habitable,  as  they  would  be  too  hot  for  man 
Lt  the  cool  air  brought  from  the  temperate  regions.  I  think 
•oil  has  enormously  over-stated  the  effects  of  winds  on  the 
•ature  of  the  equator.  The  extent  of  the  tropical  zone  is  so 
its  temperature  so  very  near  to  that  of  the  equator,  the 
which  blow  across  it  so  gentle,  that  I  consider  the  effect  of 
ids  from  the  temperate  regions  in  directly  cooling  the  tem- 
re  of  the  equator  to  be  nearly  imperceptible.  The  follow- 
i  good  illustration : — Nowhere  is  the  winter  temperature  so 
ar  the  tropics  as  in  Southern  China,  for  example,  in  Janu- 
inton,  55°*6,  Victoria,  Hong-Kong,  69°*2.     Yet  Saigon,  in 

China,  but  11^  to  the  south  of  Hong-Kong,  and  subjected 
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to  the  fall  force  of  the  northeast  monsoon  from  the  China  seas,  hai 
a  January  temperature  above  11^,  Clearly  the  thermal  effect  eyen 
of  the  cold  winter  monsoon  is  scarcely  perceptible  farther  south. 

I  consider  water  to  be  the  only  direct  cause  of  the  mildness  and 
uniformity  of  equatorial  temperatures,  and  this  in  three  ways— 
(1)  by  the  great  heat-capacity  of  water;  (2)  by  the  clouds  which 
interpose  a  screen  between  the  sun  and  the  surface  of  the  earth; 
(3)  by  the  evaporation  of  rain-water  by  the  soil  and  plants. 

The  first  cause  is  especially  powerful  on  the  ocean,  while  the 
two  latter  act  especially  on  land,  even  very  far  from  the  sea.  If 
it  was  not  for  tlie  clouds  and  evaporation,  how  could  we  explain, 
for  example,  the  absence  of  great  heat  (hottest  month,  78^*6)  at 
Iquitos,  on  the  Amazons,  4°  S.,  and  more  than  1,000  miles  from 
the  Atlantic,  where  the  winds  are  generally  weak  ? 

As  to  the  winds,  I  admit  of  their  effect  in  this  case ;  bat  (1)  in 
causing  ocean  currents,  and  thus  removing  the  heated  water  firom 
the  equator ;  (2)  in  spreading  the  cold  air  from  over  the  cold  cor 
rents  over  a  greater  distance.  The  latter  is  the  cause  of  the  low 
temperature  m  the  equatorial  regions  of  the  Eastern  Atlantic  and 
Eastern  Pacific. 

Where  the  sky  is  clear  and  humidity  and  rains  deficient,  verj 
high  temperatures  of  the  air  are  attained,  even  at  a  K^c^t  dis- 
tance from  the  equator  (10°--30°)  and  this  notwithstanding  winds 
of  considerable  force  blowing  from  cooler  regions.  So,  for  exam- 
ple, the  north  winds  blowing  in  the  summer  in  the  Sahara,  and 
coming  from  the  cooler  Mediterranean,  are  certainly  stronger  than 
the  trades  of  the  ocean  and  yet  do  not  prevent  the  desert  from 
attaining  a  higher  temperature  than  known  in  any  equatorial 
region. — Nature^  Jan.  15. 

11.  Report  on  Magnetic  Det^rminatioiis  in  Missouri  in  the 
Summer  of  1879;  by  Francis  E.  Nipher. — The  magnetic  sur- 
vey of  Missouri,  commenced  in  1878,  was  continued  during  the 
summer  of  1879.  Observations  of  the  declination  and  inclination 
of  the  needle,  and  of  the  horizontal  intensity,  were  made  at  a  con- 
siderable number  of  new  stations.  The  report  gives  the  methods 
employed  and  the  results  of  the  observations  m  detail.  A  map 
is  adcled  giving  the  isogonic  lines  for  both  Missouri  and  Iowa, 
those  of  the  latter  State  being  based  upon  the  survey  by  Dr.  G. 
Hinrichs.  These  isogonic  lines  exhibit  remarkable  flexures,  which 
are  believed  to  bear  an  intimate  relation  to  the  drainage  systems 
of  the  two  States.    Prof.  Nipher  offers  the  following  explanation: 

Assuming  the  existence  of  earth-currents  of  electricity,  the 
general  direction  of  which  is  from  east  to  west,  they  distribute 
according  to  well-known  laws,  flowing  in  greatest  quantity 
through  the  lines  of  least  resistance.  The  magnetic  needle  tends 
to  set  at  right  angles  to  the  current,  following  the  well-known  law 
enunciated  by  Ampere.  Where  the  general  direction  of  the  moist 
river  valley  is  at  nght  angles  to  the  normal  position  of  the  mag- 
netic needle,  the  position  of  the  latter  is  not  changed,  as  the  ten- 
dency of  the  needle  is  to  set  at  right  angles  to  a  current  of  elec- 
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tricity.  In  such  a  valley  (as,  for  instance,  in  the  Missouri  valley 
between  Jefferson  City  and  the  mouth  of  the  river),  the  direction 
of  the  needle  should  be  normal,  the  direction  in  which  the  water 
flows  being  without  (appreciable)  effect-  Where  the  river  runs 
at  right  angles  to  the  earth  current-s,  the  disturbing  cause  would 
be  practically  removed,  as  there  would  be  no  deflected  component 
of  the  earth  current  along  the  river  valley. 

The  maximum  effect  is  produced  in  the  case  of  rivers  making 
an  angle  of  45  degs.  with  the  general  direction  of  the  earth  cur- 
rents. Of  course,  this  effect  would  be  most  marked  where  the 
river  and  valley  are  very  lar^e,  as  in  the  case  of  the  Mississippi 
and  Missouri,  or  where  we  nave  an  immense  drainage  system 
consisting  of  long  rivers  and  creeks  running  parallel  and  in  the 
proper  direction,  as  is  the  case  on  the  eastern  slope  of  Iowa. 

Whether  the  explanation  above  suggested  be  the  true  one  or 
not,  the  deflection  of  the  11°  and  10°  lines  to  the  east  in  the  west- 
ern part  of  Iowa,  the  abrupt  bends  between  St.  Joseph  and  Kan- 
sas City  and  between  Glasgow  and  Jefferson  City,  the  westward 
bending  of  the  8°  and  8°  30'  lines  in  the  Osage  Valley  as  com- 
pared with  the  9°  line  in  the  same  latitude  and  the  remarkable 
flexures  in  eastern  Iowa,  are  all  in  harmony  with  it. 

12.  Variations  in  the  Magnetic  Declination  deduced  from  obser- 
veUioru  made  at  Moncalieri  (Piedmont)  from  1871-78. — ^The  con- 
clusions deduced  by  R.  P.  Fr.  Denza  in  relation  to  the  variations 
of  the  ma<^netic  declination  in  Piedmont  are  as  follows:  The 
mean  monthly  variation  of  the  declination  attains  a  minimum  in 
December.  It  increases  at  first  slowly,  from  December  to  Febru- 
ry,  and  then  more  rapidly  from  February  to  April.  The  largest 
values  are  attained  in  April  and  June,  the  first  of  which  is  a  little 
the  larger.  In  the  intermediate  month  of  May  there  is  a  sensible 
diminution  of  the  value.  After  attaining  the  maximum  in  June 
there  is  a  second  diminution  during  July  and  August  slowly,  and 
more  rapidly  in  the  autumn  months  to  December. —  Comptes 
HenduSy  Jan.  12. 

13.  On  a  new  action  of  Magnets  on  Electric  Currents;  by 
E.  H.  Halu — In  a  letter  from  the  author,  received  by  the  editors 
since  the  article  on  pp.  200-205  was  printed,  he  states  that  the 
valnes  of  M^  the  strength  of  the  magnetic  field,  given  in  the 
article  should  be  multiplied  by  a  constant  factor  which  is  nearly 
2.  The  precise  value  of  this  reduction  factor  cannot  be  given, 
but  the  change  does  not  affect  the  main  conclusions  arrived  at. 
Mr.  Hall  adds  that  he  hopes  in  a  month  or  two  to  publish  more 
exact  numerical  results  in  regard  to  the  new  action  as  observed 
in  several  different  metals. 
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II.  Geology  and  Mineralogy. 

1.  Geology  of  the  Rio  Sao  FranciscOy  Brazil, — Mr.  O.  A. 
Derby,  of  the  Brazilian  National  MuReum,  has  recently  been 
making,  in  company  with  a  party  of  government  engineers,  a  geo- 
logical examination  of  the  Rio  Sao  Francisco,  from  the  falls  of 
Paulo  AfFonso,  to  Januaria.  From  the  latter  place  Mr.  Derby  was 
to  proceed  to  Rio  de  Janeiro  overland,  by  way  of  the  rich  mineral 
districts  of  Minas  Geraes.  The  latest  news  from  Mr.  Derby  ii 
contained  in  a  letter,  dated  near  the  city  of  Barra,  on  the  Sao 
Francisco,  November  9,  18*79,  which  gives  us  a  few  general  state- 
ments of  interest,  as  to  the  result  of  his  observations  up  to  that 
time.  From  Paulo  AfFonso,  the  ascent  of  the  river  for  eighty 
leagues  was  made  in  canoes,  and  then  a  small  steamer  was  pro- 
cured to  accomplish  the  remainder  of  the  journey.  CretaceoDS 
fossils,  similar  in  character  to  those  of  the  fresh- water  basin  of 
Bahia,  were  discovered  in  abundance,  in  the  sandstone  formation 
about  Paulo  Afibnso.  Leaving  the  sandstone  region,  they  trav- 
eled for  a  long  distance  through  a  gneiss  region,  with  occasional 
patches  of  itacolumite.  This  was  succeeded  by  a  region,  com- 
posed mostly  of  itacolumite,  which  extended  as  far  as  they  had 
gone ;  but  two  days  out  from  the  city  of  Barra,  they  came  upon 
the  horizontal  limestones  of  the  upper  river,  which  Mr.  Derby  pro- 
posed to  study  with  great  care,  in  order  to  determine  their  geolog- 
ical age.  So  far  they  had  yielded  no  fossils,  but  Mr.  Derby  was 
hopeful  of  finding  at  least  some  remains,  as  the  beds  are  very  well 
developed  in  certain  localities,  yet  remaining  to  be  visited.  In 
closing,  Mr.  Derby  remarks  :  "  One  thing  is  certain,  we  have  got 
to  give  up  the  great  Tertiary  depression  and  greatly  extend  the 
area  of  the  Cretaceous.  I  find  that  many  of  the  beds,  which  have 
been  described  as  horizontal  and  undisturbed,  have  really  suf- 
fered upheaval,  and  are  far  from  horizontal  over  large  areas."     k. 

2.  Aye  of  the  Taconic  rocks  and  Geology  of  Vennont^  ac^^ord- 
iitg  to  Proftssor  C,  H.  Hitchcock, — Professors  Edward  and  C. 
H.  Hitchcock,  in  describing  the  Taconic  system  (the  slates,  lime 
stones,  quartzyte,  etc.)  in  the  Geological  Keport  of  Vermont,  after 
treating  of  its  distribution,  its  rocks  and  its  fossils,  and  apparently 
referring  it  on  account  of  the  fossils  to  the  Lower  Silurian,  have, 
next,  a  closing  section  (on  pages  446,  447)  headed  Ptesumptiom 
in  favor  of  the  Taconic  System^  and  in  this  section  the  conclusion 
is  formally  stated  that  the  Taconic  System  underlies  the  Lower 
Silurian.  I  was  led,  therefore,  in  preparing  the  bibliographical 
note  published  on  page  153  of  this  volume  (and  also  in  the  new 
edition  of  my  Manual  of  Geology,  page  835)  to  place  the  Vermont 
Report  with  those  works  that  make  the  Taconic  beds  pre-Siluriau, 
as  1  had  previously  done  when  writing  my  articles  on  Verraont 
geology.  In  a  letter  from  Professor  C.  II.  Hitchcock,  dated 
February  10th,  he  states  that  the  "  Presumptions"  were  introduced 
"  as   a  brief  expose   of  the  Taconic   System,  couched    in  such 
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langnage  &  Emmons  himself  would  have  used."  It  is  with  great 
satisfaction  that  I  am  able  to  make  the  correction  and  cite,  from 
the  same  letter,  the  fact  that  'Hhere  is  nothing  in  the  Report  any- 
where favorable  to  Taconism,"  although,  as  he  also  writes,  it  does 
not  refer  the  system  distinctly  to  the  Lower  Silurian,  except  in 
the  statement  of  paleontological  facts  that  reallv  support  this 
view.  On  the  earlier  pages,  261  to  267,  Professor  Edward 
Hitchcock  ffives  a  section  through  the  Taconic  region  and  views 
as  to  the  folds  which  accord  fully  with  this  opinion. 

He  says  also  that  at  the  time  when  the  fossils  were  discovered 
and  submitted  to  Professor  James  Hall,  just  before  the  publica- 
tion of  the  Report,  it  was  Mr.  Hall's  opinion  that  the  quartzyte 
was  the  Medina  sandstone,  and  that  the  Taconic  group  was 
mostly  above  the  Lower  Silurian,  and  hence  the  reference  of  some 
of  the  fossils — non^  of  them  very  distinct  specimens — to  the 
Upper  Silurian. 

Professor  Hitchcock  also  says,  in  the  recent  letter  to  me,  after 
remarking  on  his  disbelief  in  "  Taconism :"  "  Within  the  past  two 
years  I  have  gone  over  most  of  the  Vermont  sections,  and  have 
felt  that  they  demonstrated  the  essential  equivalence  of  the 
Taconic  system  with  the  Potsdam  and  the  overlying  limestones 
and  slates  [of  the  Lower  Silurian].  I  have  been  throughout  in 
essential  accord  with  you  and  Mr»  Wing."  He  adds  that  Mr. 
Wing's  views  had  been  his  for  years. 

This  important  correction  was  not  received  until  after  my 
article  on  the  age  of  the  Green  Mountains  (p.  191)  was  printed, 
or  else  this  note  would  have  been  attached  to  it.        j.  d.  dana. 

3.  A  Monograph  of  the  Silurian  Fossils  of  the  Girvan  Dis- 
trict in  Ayrshire  ;  with  special  reference  to  those  contained  in 
the  "  Gray  Collection,"  by  H.  Allkyne  Nicholson  and  Robert 
Ethebidge,  Jr.  Fasciculus  H.  Trilobita,  Phyllopoda,  Cirripedia, 
and  Ostracoda,  pp.  137-233,  with  plates  x-xv.  Edinburgh  and 
London:  1879.     Wm.  Blackwood  &  Sons. 

4.  On  Spodumene  and  its  Alterations^  from  the  granite  veins 
of  Hampshire  County^  Massachusetts. — Mr.  A.  A.  Julien  has 
published  recently  (Annals  N.  Y.  Acad.  ScL,  Nov.,  1879),  a  valua- 
ole  and  extended  memoir  on  spodumene  and  the  results  of  its 
alterations.  The  two  localities  which  are  particularly  described 
are  those  of  Goshen  and  Chesteriield,  Massachusetts.  Analyses 
of  pure  and  unaltered  spodumene  from  these  localities  yielded  the 
results  given  below.  No.  1  was  from  the  Levi  Harrus  farm  in 
Gk>8hen;  specific  gravity  =3*19.  No.  2  from  Chesterfield  Hol- 
low; specihc  gravity  ^3*185  and  3*201. 

SiO,    A1,0,   Fe,0,  MnO   MgO    CaO    LiaO  NajO   K,0    HjO 

I  63-27     23-73     117     0*64     202     Oil     6-89     099     1-46     0*36  =  100*63 

n  61-86     23-43     273     104     1-56     0*79     6*99     0*50     1*33     046  =  100*68 

These  closely  agreeing  analyses  correspond  very  nearly  to  the  for- 
mula Li,Al,Si^O,„  for  which  the  quantivalent  (^  oxygen)  ratio 

Am.  Joub.  8oi.-*Thiiid  Sbbibs,  Vol.  XIX,  No.  lll.~MiLBOH,  1880. 
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for  R  :  ft  :  Si  =  1  :  3  :  8.  This  is  the  same  formula  receotly  de- 
duced by  Doelter  (see  this  Journal,  xvii,  833,  1879),  and  though 
differing  from  the  one  before  accepted,  agrees  with  that  obtained  by 
Brush  in  an  early  analysis  of  the  Norwich  (now  called  Huntington) 
spodumcne  in  1860  (1.  c.  II,  x,  370).  The  true  composition  of 
spodumene  may  consequently  be  accepted  as  established  beyond 
a  doubt.  Mr.  Julien  remarks  very  justly  that  the  specimens  pre- 
vious! v  analyzed  had  doubtless  suffered  partial  alteration,  bringing 
with  it  a  duller  color  and  an  inferior  luster,  translucency,  harcP 
ness  and  specific  gravity. 

Much  of  the  spodumene  from  the  two  localities  mentioned, 
is  altered  into  cymatolite.  This  name  was  given  to  a  nmilar 
mineral  from  Goshen  by  Shepard,  but  the  imperfect  analysis 
published,  with  later  that  of  Burton,  leil  doubt  as  to  the  true 
composition  of  the  species.  This  point  has  .been  very  satisfacto- 
rily determined  by  Julien.  The  Goshen  variety  of  cymatolite, 
previously  called  aglaite  by  the  same  author,  occurs  only  as  a 
continuation  of  the  square  prisms  of  spodumene,  sometimes  six  or 
eight  inches  long,  not  as  a  coating  over  them.  The  structure  is 
micaceous,  the  lamination  ilat,  rarely  undulating,  and  always  in 
the  plane  of  the  orthodi agonal  cleavage  of  the  original  spodumene. 
The  laminaB  are  brittle  but  the  thinner  scales  are  flexible,  some- 
what elastic  and  transparent ;  they  often  project  slightly  beyond 
the  sides  of  the  crystal.  The  physical  characters  are :  luster 
silvery  to  satin ;  color  white ;  feel  soft ;  hardness  =  1  *5 ;  specific 
gravity  =  2-763. 

The  C-hesterfield  variety  is  much  more  abundant.  It  occurs 
forming  the  whole,  or  with  the  oriofinal  mineral  a  part,  of  crystals 
of  enormous  size;  one  is  mentioned  which  was  35  inches  in  length 
while  still  lying  in  the  vein  and  with  a  diameter  of  10  to  11  inches. 
The  structure  is  intennediate  between  micaceous  and  fibrous,  with 
a  strong  wavy  tendency  of  the  foliation,  on  the  surface  of  fracture. 
In  the  smaller  crystals  the  plane  of  foliation  is  usually  at  right 
angles  to  the  faces  of  the  spodumene,  and  the  folia  therefore  radi- 
ate from  a  central  plane  in  the  crystals  which  are  completely  al- 
tered ;  but  in  the  larger  ones,  witliin  a  thin  radiating  crust  of 
this  kind,  the  folia  generally  conform  to  the  central  plane  of  cleav- 
age of  the  spodumene  and  a  parallel  foliation  often  results. 
Sometimes  a  core  of  blackish-green  pinite  (killinite)  is  found  in  the 
smaller  crystals ;  while  in  the  larger  crystals  the  core  consists  of 
spodumene  often  with  killinite  as  a  thin  layer  next  to  the  white 
crust.  A  greenish-yellow  rauscovite  is  commonly  intercry stall ized 
in  the  larger  pseudomorphs  in  scales  or  films.  The  hardness  = 
1-5-2;  specific  gravity  :=  2-096 -2'700  ;  lamina)  brittle.  The  fol- 
lowing are  analyses  of  cymatolite ;  1,  from  the  Manning  farm  and 
2  from  the  Barrus  farm,  both  in  Goshen ;  3  from  Chesterfield 
Hollow. 

SiOa    AUO3  FeaOs  MnO  MgO  CaO   LijO  NaaO  K,0    H,0  CoO 

1.  58-51    21-80    0-85    0-29    1-44    0-84    019    688    6*68    2-40»  <r=99-88 

2.  Aglaite  58-11    24-3H    IGO    018    0-75    0'48    009    2-57    8-38    o-Ol^     =9Jf61 

3.  i        53-58    22-28     177    0-15    0-45    003    010    9-03    4-48    2-08      =99-9«^ 

*  With  nitrogenous  organic  matter  0-44.    -  do  0*43. 
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Two  other  analyses  are  also  given ;  they  agree  closely  with  those 
here  quoted,  varying  onlv  as  do  these  in  the  amounts  of  soda  and 
potash.  The  calculated  formula  is  H,(H,  Na,  K)  Al,Sij,0„,  which 
Te<jnires  SiO  58-46,  Al,0  24-99,  Na,0  16-09,  H,0  146  z=  100. 
It  18  shown  that  the  formula  is  the  same  as  that  of  spodumene  ex- 
cept in  the  protoxide  elements  present  and  the  additional  molecule 
of  water.  Mr.  Julien  also  describes  in  detail  the  microscopic 
characters  of  cymatolite,  and  from  the  fact  of  its  greater  atomic 
Yolume  as  compared  with  spodumene,  argues  that  the  process  of 
alteration  must  have  been  accompanied  with  the  exertion  of  a 
great  pressure,  the  results  of  which  are  believed  to  be  observed  in 
many  cases  in  the  distortion  of  the  pseudomorphs. 

As  mentioned  above  the  variety  of  pinite  called  kiUi?iite  also 
occurs  as  a  pseudomorph  after  spodumene,  though  more  sparingly 
than  cymatolite.  It  has  a  foliated  texture,  retaining  the  cleavage 
of  the  original  mineral.  Hardness  =3*6,  sp.  gr.  =  2-623-2-652. 
Luster  dull  and  greasy  to  vitreous,  the  latter  on  the  cleavage 
planes.  Color  greenish-gray  to  olive-green,  also  greenish-black ; 
feel  grreasy.  An  analysis  of  the  mineral  from  Chesterfield  Hollow 
(G.  =  2*623)  yielded 

8iO«      Al,Oi     FeO     MnO     GoO     MgO     GaO     Li,0    Na^O    KaO     H3O 
46-80      32-52      2-33      0*04      004      048      0*11      032      0-78      724      7*66 

OrgaDic  matter  1-14  =  100-12. 

For  this  the  formula  H  K  Al^Si.O,,  is  obtained  or  H^K  Al  Si.O„-f- 
2aq.  The  original  killimte  is  from  Killiney  Bay  m  Ireland ;  it 
corresponds  closely  with  the  Chesterfield  mineral. 

In  addition  to  the  above  pseudomorphs,  others  after  spodumene 
are  described  which  consist: — (1)  of  vein  granite^  made  up  of  mus- 
covite,  albite  and  quartz  with  large  cymatolite  columns  passing 
from  one  end  to  the  other  of  the  mixture  forming  masses  one 
hundred  pounds  or  more  in  weight;  (2)  of  greenish-yellow  musco- 
viUj  more  or  less  intermixed  with  cymatolite,  it  sometimes  occur- 
ring only  in  minute,  disseminated  scales,  and  in  others  making  up 
the  whole  of  the  pseudomorphous  crystal,  retaining  the  form  and 
Mtriations  of  the  spodumene.  These  and  the  intermediate  varieties 
are  regarded  as  the  results  of  intercrystallization  of  the  two  min- 
erals, m  the  process  of  alteration :  (3)  of  albite,  generally  inter- 
mixed with  muscovite  and  quartz :  (4)  of  quartz ;  these  pseudo- 
morphs are  rare,  and  while  retaining  the  form  of  the  original 
mineral  contain  more  or  less  mica.  The  last  two  forms  are  men- 
tioned as  varieties  of  (1)  above. 

Mr.  Julien  closes  his  very  interesting  paper  with  some  remarks 
on  the  paraffenesis  of  spodumene  and  the  character  of  the  altera- 
tion which  has  resulted  in  the  formation  of  the  pseudomorphs 
described.  Two  figures  illustrate  the  relations  of  the  several 
species. 

6.  Crystals  of  WoUastonite, — Professor  O.  Root  mentions  the 
discovery  of  very  large  crystals  of  wollastonite  at  Diana,  New 
York;  one  crystal  was  upwards  of  eleven  inches  in  length  and 
ten  inches  across  the  prism,  both  terminations  being  complete. 
He  has  also  obtained  unusually  large  and  perfect  crystals  of  mica 
from  the  locality  on  the  west  bank  of  Vrooman  Lake,  N.  Y. 
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III.  Zoology. 

1.  Fresh-water  Rhizopods  of  North  America;  by  Joseph 
Leidy,  M.I).,  Prof.  Anat.  Univ.  Pennsylvania.  824  pp.  4to.,  witl 
48  colored  plates.  Washington,  1879.  Vol.  xiiof  the  Reports  of 
the  U.  S.  Geological  Survey  of  the  Territories,  F.  V.  Hayden, 
Geologist-in-Charge :  Department  of  the  Interior. — This  new  work, 
by  Dr.  Leidy,  is  a  very  important  addition  to  the  quarto  series  of 
reports  connected  with  the  Geological  Survey  of  tbe  Territories 
under  Dr.  Hayden.  It  is  the  result  of  a  vast  amount  of  careiiii 
microscopic  research  with  regard  to  the  structure,  developmeDt 
and  habits  of  these  lowest  forms  of  animal  life  over  tbe  North 
American  Continent ;  and  the  numerous  plates  with  crowded 
colored  figures  are  attractive  for  their  beauty,  as  well  as  for  the 
instruction  thev  impart. 

Dr.  Leidy  shows  in  his  descriptions  and  faithful  delineations 
that  he  almost  loved  the  little  things,  the  study  of  which  gave 
him  so  much  pleasure.     "In  his  concluding  remarks,"  he  says:— 

"  The  objects  of  my  work  have  appeared  to  me  so  beautiful  as 
represented  in  the  illuRtrations,  and  so  interesting  as  indicated  in 
their  history  which  forms  the  accompanying  text,  that  I  am  led  to 
hope  the  work  may  be  an  incentive,  especially  to  my  yoang 
countrymen,  to  enter  into  similar  pursuits.  *  *  ♦  *  Going  fishing  f 
How  often  the  question  has  been  asked  by  acquaintances  as  they 
have  met  me,  with  rod  and  basket,  on  an  excursion  after  materials 
for  microscopic  study.  *  Yes,'  has  been  the  invariable  answer,  for 
it  saved  much  detention  and  explanation ;  and,  now,  behold.  I 
offer  them  the  results  of  that  fishing.  No  fish  for  the  stomach, 
but  as  the  old  Frencli  inicroscopist,  Joblet,  observed,  '  some  of 
the  most  remarkable  fishes  that  have  ever  been  seen ;'  and  food 
fishes  for  the  intellect." 

These  fresh-water  Rhizopods  are  of  special  interest  to  the  phi- 
losopher, as  well  as  tlie  naturalist,  because  they  belong  to  the 
lowest  division  of  the  animal  kingdom — the  higher  section  of  the 
Protista  of  lljeckel — and  yet  are  very  decidedly  animal  in  their 
characteristics,  and  wonderfully  complex  in  their  animal  functions. 
As  Leidy  states  (p.  5) : 

"  The  soft  maps  of  protoplasm,  or  sarcode,  forming  the  essential 
part  of  all  Hhizopods,  has  no  internal  cavity  like  the  body-cavity 
of  higher  animals,  neither  has  it  a  mouth  like  the  higher  Protozoa, 
nor  has  it  stomach  or  intestine.  Without  trace  of  ner\'e  elements, 
and  without  definite,  fixed  origans  of  any  kind,  internal  or  erte^ 
nal,  the  Hhizopod — simplest  of  all  animals,  a  mere  jelly  speck- 
moves  about  with  the  apparent  purposes  of  more  complex  crea- 
tures. It  selects  and  swallows  its  appropriate  food,  digests  it  and 
rejects  the  insoluble  remains.  It  grows  and  reproduces  its  kind. 
It  evolves  a  wonderful  variety  of  distinctive  forms,  often  of  the 
utmost  beauty  ;  and  indeed,  it  altogether  exhibits  such  marvelous 
attriVmtes,  that  one  is  led  to  ask  the  question  in  what  consists  the 
superiority  of  animals  usually  regarded  as  much  higher  in  the 
scale  of  life." 
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Dr.  Leidy  divides  the  Rhisopods  into  fiye  orders :  L  Protoplasta^ 
IL  Hdiozoa^  TIL  Badiolaria,  IV.  Foraminifera^  and  V.  Movera  ; 
agreeing  in  this  with  the  views  of  Professor  L.  £.  Schnlze,  as 
brought  out  in  a  recent  Number  of  the  Archiv  fdrJMikroscopisehe 
Anatoraie  (1877,  p.  21).  The  Protoplasta  and  the  Monera  corre- 
spond to  Hseckel's  Protista.  Excepting  a  few  of  the  Monera  section, 
fresh-water  Rhizopods  belong  almost  entirely  to  the  Protoplasta 
and  Heliozoa.  All  the  fresh-water  species  described  by  Leidy  are 
of  these  two  groaps,  excepting  one  Foraminifer,  named  by  Leidy 
Oromia  terricola^  the  genus  Gromia  being  exceptional  among 
Foraminifera  in  that  it  is  represented  by  several  species  inhabiting 
1>oth  salt  and  fresh  water.  The  Protoplasta  include  the  genera 
Amoeba,  Diffluffia,  NebelUy  ArceUa,  and  others ;  and  the  Heliozoa, 
AetinophrySy  Meterophrys  and  others  allied.  With  regard  to 
Monera  he  says, ''  though  Professor  Hsdckel  has  indicated  and  de- 
soribed  a  number  of  fresh-water  species,  I  am  not  sure  that  I 
have  had  the  opportunity  of  finding  any  of  them,  excepting  per- 
haps the  genus  VampyreUa  of  Cienkowski,  which  he  ascribes  to 
the  same  order." 

Dr.  Leidy's  experience  enables  him  to  give  important  informa- 
tion as  to  the  localities  of  these  species,  and  the  best  methods  of 
collecting  them.  The  following  paragraphs  taken  from  pages  8  to 
11,  are  a  part  of  his  observations  on  these  subjects : 

"  Fresh-water  Rhizopods  are  to  be  found  almost  everywhere  in 
positions  kept  continuously  damp  or  wet,  and  not  too  much 
shaded.  They  are  especially  frequent  and  abundant  in  compara- 
tively quiet  waters ;  clear,  and  neither  too  cold,  nor  too  much 
heated  by  the  sun,  such  as  lakes,  ponds,  ditches,  and  pools.  They 
are  also  frequent  in  wet  bogs  and  savannas,  among  mosses,  in 
springy  places,  on  dripping  rocks,  the  vicinity  of  waterfalls, 
springs,  and  fountains,  and  m  marshes,  wherever  the  ground  is 
sufficiently  damp  or  moist  to  promote  the  growth  of  algae.  They 
are  also  to  be  found  in  damp  shaded  places,  among  algae,  liver- 
worts and  mosses,  about  the  roots  of  sedges,  rushes  and  grasses, 
or  those  of  shrubs  and  trees  growing  in  or  at  the  borders  of  bogs 
aud  ponds  or  along  ditches  and  sluggish  watercourses.  They  are 
likewise  to  be  found  ^ith  algaa  in  damp  shaded  positions  in  the 
depressions  and  fissures  of  rocks,  in  the  mouths  of  caves,  among 
decaying  logs,  among  mossses  and  lichens,  on  the  bark  of  grow- 
ing trees,  and  even  in  the  crevices  of  walls  and  pavements  about 
old  dwellings  and  in  cities. 

"  The  favorite  habitation  of  many  kinds  of  Rhizopods  is  the  light 
superficial  ooze  at  the  bottom  of  still  waters,  where  they  live  in 
association  with  diatoms,  desmids,  and  other  minute  algae,  which 
form  the  chief  food  of  most  of  these  little  creatures.  They  never 
penetrate  into  the  deeper  and  usually  black  mud,  which  indeed  is 
almost  universallv  devoid  of  life  of  any  kind. 

^Rhizopods  also  occur  in  the  fiocculent  materials  and  slimy 
matter  adherent  to  most  submerged  objects,  such  as  rocks,  the 
dead  boughs  of  trees,  and  the  stems  and  leaves  of  aquatic  plants. 
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A  frequent  positioD  is  the  under  side  of  floating  leaves,  such  as 
those  of  the  Pond-lily,  Nympficea  odorata;  the  Spatter-dock,  ' 
Nuphar  advena  ;  and  the  Nelumbo,  Nelumbium  luteum.  Cl»^ 
tain  kinds  of  Rhizopods,  especially  the  Heliozoa,  or  Sun-animal- 
cules, are  roost  frequent  among  floating  plants,  such  as  Duck-meat, 
Jjemna  ;  Hornwort,  CeratophyUum ;  Bladderwort,  Utricularia ; 
and  the  various  Confervas,  as  Zygnema,  Spirogyra^  OscUlaioria, 
and  the  Water-purse,  Hydrodtctyoji, 

"  In  no  other  position  have  I  found  Rhizopods  of  the  kind  under 
consideration  in  such  profusion,  number,  ana  beauty  of  form  as  in 
sphagnous  bogs,  living  in  the  moist  or  wet  Bog-moss,  or  Sphagwim, 
Sometimes  I  have  found  this  particular  moss  actually  to  swarm 
with  multitudes  of  these  creatures  of  the  most  extraordinary  kinds 
and  in  the  most  highly  developed  condition.  A  drop  oi  water 
squeezed  from  a  little  pinch  of  Bog-moss  has  often  yielded  scores 
of  half  a  dozen  genera  and  a  greater  number  of  species.  Fre- 
quently, however,  the  Sphagnum  of  many  localities  contains  cam- 
paratively  few  Rhizopods,  though  I  have  rarely  found  them 
entirely  absent  from  this  moss.  Other  mosses  and  liverworts  I 
have  not  observed  to  be  specially  favorite  habitations  of  the 
Rhizopods,  not  even  such  aquatic  kinds  as  the  ^ntineUis.^ 

In  water  squeezed  into  a  watch  crystal  from  a  small  bunch  of 
Sphagnum  Dr.  Leidy  obtained  thirty-e'ght  species. 

^'  The  mode  I  have  habitually  adopted  for  collecting  Rhizopods, 
which  is  also  equally  well  adapted  for  collectiuff  many  other 
microscopic  organisms,  plants,  and  animals,  is  as  follows  : 

For  ponds,  ditches,  or  other  waters,  I  use  a  small  tin  ladle,  or 
dipper,  such  as  is  commonly  employed  for  domestic  purposes. 
Into  the  handle  I  insert  a  stick  of  convenient  length,  and  for  this 
1  usually  carry  with  me  a  jointed  pole  of  two  or  three  pieces,  each 
about  live  feet.  Tlie  di|)per  is  used  by  slowly  skimming  the  edge 
aloiii^  the  bottom  of  the  water  so  as  to  take  up  only  the  most 
superticial  portion  of  the  ooze,  which  is  then  gently  raised  from 
the  water  and  transferred  to  a  glass  jar.  A  small  hole  in  the 
bottom  of  the  ladle  favors  the  retention  of  the  collected  material, 
but  care  should  be  taken  that  it  is  not  so  large  as  to  permit  the 
material  to  stream  through.  After  the  collecting-jar  is  full,  if 
more  of  the  material  is  wanted,  after  allowing  that  in  the  bottle 
to  settle,  I  pour  off  a  portion  of  the  water  and  supply  an  addi- 
tional quantity  from  the  locality. 

"  l^pually,  I  have  proved  more  successful  in  obtaining  Rhizopods 
from  the  ooze  near  the  shores  of  lakes  and  ponds  than  I  have  iu 
deejjer  water;  but  this  1  suspect  was  mainly  due  to  the  circiun- 
stance  that  near  the  shore  I  could  see  the  ooze  at  the  bottom  of 
the  water,  and  could  much  better  manage  to  collect  the  desired 
material. 

"  Aquatic  plants,  if  rooted  in  the  mud,  should  be  carefully  cutoff 
and  gently  lifted  from  the  water  so  as  to  disturb  as  little  as 
possible  the  adherent  mateiials.  A  suflicient  quantity  l)eing 
placed  in  a  tin  preserving-can  or  other  vessel,  water  from  other  po^ 
tions  of  the  plants  may  be  squeezed  upon  that  which  is  retained. 
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^^  Wet  Sphagnum  may  be  collected  and  put  in  tin  presenring-canB, 
and  the  water  of  other  portions  may  be  squeezed  upon  the  portion 
preserved.     The  same  process  may  be  pursued  with  other  mosses. 

"  From  the  surface  of  the  ground  in  wet  places,  to  collect  the 
RhizopodSy  it  is  sufficient  to  scrape  up,  with  the  broad  blade  of  a 
knife,  the  green  algous  material  with  which  the  animals  are 
usually  associated.^' 

With  regard  to  localities  of  marine  Foraminifera  along  coast 
regions,  he  remarks,  p.  1 7  : 

^^  Sea-sands  contain  as  an  important  constituent  the  dead  shells 
of  recent  Foraminifera,  though  in  very  variable  proportions. 
They  are  generally  most  abundant  in  the  sands  of  warmer  lati- 
tudes, and  especially  on  shores  profusely  furnished  with  sea- 
weeds. 

"Flancus,*  who,  according  to  D'Orbigny,  was  the  first  to 
describe  and  figure  the  shells  of  Foramini^ra,  counted  6000  indi- 
Tidnals  in  an  ounce  of  sand  from  the  Adriatic.  D'Orbigny  esti- 
mated that  there  were  160,000  in  a  gram  of  selected  sand  from 
the  Antilles.  Schultze  gives  1,500,000  as  the  number  he  found 
in  fifteen  grams  of  sand  from  Gaeta  on  the  coast  of  Sicily. 

"  Even  on  the  comparatively  barren  shores  of  New  Jersey,  con- 
sisting of  quartz  sand,  foraminiferous  shells  occur  in  notable 
quantity.  In  a  portion  scraped  from  the  surface  between  tides, 
at  Atlantic  City,  I  estimated  that  there  were  18,700  shells  to  the 
ounce  avoirdupois,  all  of  a  single  species  of  Nonionina,  In 
another  sample,  from  Cape  May,  I  obtained  38,400  shells  to  the 
ounce,  likewise  of  the  one  species. 

**  In  sand  collected  by  scraping  up  the  long  white  lines  on  the 
bathing  beach  at  Newport,  Rhode  Island,  occupying  an  indenture 
of  the  rocky  coast,  covered  with  sea-weeds,  foraminiferous  shells 
were  found  to  be  much  more  numerous,  but,  excepting  in  the  case 
of  some  examples  of  Miliola,  of  smaller  size.  In  an  ounce  of  the 
sand,  I  estimated  that  there  were  about  280,000  shells,  of  several 
genera  and  species." 

One  of  the  most  remarkable  forms  described  in  the  book  is  the 
Dinamceba  mira/nlis,  from  the  Cedar  swamps  of  New  Jersey,  rep- 
resented by  many  figures  on  plates  6  and  7.  It  is  commonly 
cream-white  or  greenish-white  in  color,  but  spotted  often  with 
green,  brown,  and  yellow,  all  the  colors,  excepting  the  white,  being 
due  to  the  food-balls,  which  are  chiefly  the  Desmids,  Didymoprium 
and  ^ambusina.     It  is  a  gluttonous  feeder,  and  is  commonly  so 

forged  with  this  vegetable  food  as  to  be  more  or  less  opaque. 
Ivery  part  of  the  surface,  including  the  pseudopods  and  poste- 
rior papillae,  is  ordinarily  bristled  with  exceedingly  minute 
spicules  or  ridged  cils ;  but  after  some  hours  these  may  disappear 
or  be  represented  by  minute  molecules.  A  still  more  remarkable 
feature  is  the  occurrence  of  a  thick  investment  of  hyaline  jelly, 
the  outer  surface  of  which  is  defined  by  innumerable,  exceedingly 

*  Ariminensis  de  conchiB  minus  Dotid.     Venice,  1739. 
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miDute  rods,  standing  perpendicalarlv,  which  make  the  animal 
look  as  if  surrounded  by  a  nimbus  of  Bacteria.  '^  In  the  move- 
ments of  Dinamoeba,  its  jelly-like  cloak  appears  to  be  no  obstacle, 
and  the  subulate  pseudopods  shoot  through  and  beyond  it  as  if  it 
did  not  exist." 

Another  species  of  peculiar  interest  is  Hyaiosphenia  papilio^  a 
buff-colored,  or  straw-colored  species,  perfectly  transparent^  and 
remarkably  constant  in  its  fonn. 

The  species  of  Nebela,  particularly  N.  coUaris,  JV,  hippoertpU 
and  N,  ansata^  are  of  special  beauty ;  but  we  must  rerer  to  the 
work  with  its  plates,  for  the  facts  respecting  these  and  the  varioui 
other  kinds.  The  book  is  adapted  to  the  uninitiated  as  well  as  to 
adepts  in  the  science.  Dr.  Leidy  says,  '*  In  the  course  of  its  pre* 
paration,  I  have  always  had  my  pupils  in  mind,  and  I  shall  be  glad 
if  it  serves  as  an  additional  aid  to  their  studies ;"  and  we  add 
that  it  is  well  adapted  to  this  and  its  higher  purpose. 

The  work  closes  with  a  Bibliographic  appendix,  containing  the 
names  of  authors  of  works  and  memoirs  on  living  Rhizopods  and 
lists  of  all  the  species  they  describe,  together  with  the  synonymy 
so  far  as  giving  the  names  of  the  same  adopted  by  him. 

2.  Zoology  for  Students  and  General  Readers ;  by  A.  S.  Pack- 
ard, Jr.  8vo,  719  pp.  644  cuts.  New  York :  1879.  (Henry 
Holt  &  Co.) — This  work  is  one  of  the  best  of  the  various  manuals 
of  Zoology  that  have  recently  appeared,  and  is  decidedly  better 
adapted  for  use  in  the  class-room  and  laboratory  than  most  of 
them.  The  general  treatment  of  the  subject  is  good,  and  the 
descriptions  of  struct  arc  and  the  definitions  of  groups  are  for  the 
most  part  clear,  concise,  and  not  so  much  overburdened  by  tech- 
nical terms  as  in  several  other  manuals  of  structural  Zoology  now 
in  use.  The  present  work  is  largely  devoted  to  structural  or  mor- 
phological Zoology,  with  pretty  full  accounts  of  the  embryology 
of  the  various  groups.  Somewhat  detailed  accounts  of  the  anatr 
omy  of  various  common  representatives  of  the  more  prominent 
groups,  both  of  vertebrates  and  invertebrates,  add  much  to  the 
value  of  the  work  for  laboratory  instruction.  These  are  illus- 
trated by  good,  original  figures,  showing  the  more  prominent 
anatomical  features.  The  dissections  of  vertebrates,  and  the  fig- 
ures illustrating  them,  are  l>y  Dr.  C.  S.  Minot.  The  illustrations 
are  throughout  copious,  anti  licnerally  good  and  well-selected, 
though  mostly  borrowed  from  other  works. 

The  classification  adopted  is,  for  the  most  part,  nearly  in  accord- 
ance with  tlie  more  recent  European  writers,  and  not  very  different 
from  that  of  Huxley's  recent  works.  One  feature,  that  of  dividing 
the  "  Crustacea "' into  two  great  groups,  iVeocartWa  and  Pak^o- 
carida^  is  of  very  doubtful  utility.  It  such  a  division  be  neces- 
sary it  would  seem  better  to  adopt  the  name  Crustacea  for  the 
former  group,  as  has  been  done  by  others  who  have  proposed  the 
same  division  (under  the  name  3lerostoniata\  and  to  have  given 
a  new  name  (if  any  be  needed  where  several  are  in  use)  only  to 
the  group  cut  off  from  the  Crustacea.     But  it  is  doubtful  whether 
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le  PaloBOcairida^  including,  as  it  does,  Trilobites  and  Limuloids, 
in  be  maintained,  with  our  present  knowledge  of  the  former,  as  a 
itnral  group,  while  it  has  oeen  fully  shown  by  the  anatomical 
(searches  of  A.  Milne  Edwards  and  others  that  LimuluB  is  not  a 
mstacean,  in  any  proper  sense.  The  Pycnogonida  have  also 
een  badly  treated,  for  this  group,  remarkable  for  so  many 
latomical  and  morphological  peculiarities  is  dismissed  in  three 
nee  (p.  860),  as  a  family  of  mites  I  But  the  Pycnogonida  would 
3t,  by  any  means,  go  under  the  definition  of  the  sub-class  Ara4ihr 
ida^  much  less  into  the  order  Acarina^  for  many  of  them  have 
larger  number  of  limbs  than  any  true  Arachnida.  The  dilation 
id  relaxation  of  the  limits  and  definitions  of  Insecta  so  as  to 
iclnde,  not  only  the  Arachnida,  and  Pycnogonida,  but  also  Perir 
(Uus^  seem  to  us  objectionable.  The  introduction  of  Mollusca 
etween  the  Vermes  (including  Annelida)  and  the  Arthropoda 
oes  injustice  to  the  exceedingly  close  relationship  existing  be- 
?^een  the  Annelida  and  lower  forms  of  Crustacea  and  Insecta ; 
at  others  have  done  so  before.  In  the  present  unsettled  condi- 
on  of  zoological  classification,  it  would  be  useless,  however,  to 
,y  much  stress  upon  the  particular  views  adopted  by  any  writer, 
tr  these  views  are  continually  changing,  as  discovery  advances. 

A  few  errors,  mostly  of  no  great  importance,  we  have  noted, 
doubtless  the  author  will,  at  an  early  aate,  have  an  opportunity 
»  correct  them  in  a  second  edition.  A  few  of  the  fii^ures  are  in- 
>rrectly  named :  thus,  fig.  74  represents  Asteriaa  JPorhesii  (not 
[.  vidgaris) ;  ^g,  225,  is  Palcemonetea  vidgaris  (not  Crangon 
\ilgaris).  On  page  60,  Sarsia prolifera  is  mentioned  as  "  the  only 
cample  known  of  budding  in  iree  medusae,"  the  author  evidently 
irgetting  several  New  England  species  that  are  well  known  to  have 
lis  peculiarity  in  a  marked  degree  and  have  long  ago  been  so 
escribed  in  the  works  of  L.  Agassiz,  A.  Agassiz,  and  others. 
Tybocodon  prolifer  Ag.,  and  Dysmoi'phoaa  ftdgurann  are  notable 
camples.  The  statement  on  p.  390  that  ^^  the  products  of  diges- 
on  do  not  pass  through  the  walls  of  the  stomach  and  directly 
iter  the  circulation,  as  in  invertebrates,"  is  an  obvious  error,  un- 
tra  profoundly  modified,  by  putting  a  small  part  for  the  whole, 
here  appears  to  be  some  confusion  on  pp.  418  and  420  in  refer- 
ice  to  the  breeding  of  the  "  dogfish,"  for  on  the  former  page  it 

said  that  they  lay  eggs,  while  on  the  latter  page  "  the  do^-fish 
^gucUus  Americanusy*  is  mentioned.  The  latter  produces  living 
onng,  as  well  as  the  Mustdtis  canis.  a.  e.  v. 

3.  I)as  System  der  Meduaen  (JErate  H(Ufte  des  ersten  TheiU: 
yst€7n  der  Crasjyedoten);  von  Dr.  Ernst  H^cksl.  i-x  and 
50  pp.,  with  20  plates.  Jena,  1879. — Since  the  publication  of 
schscholtz's  System  der  Akalephen,  an  immense  number  of  addi- 
ons  to  our  knowledge  of  some  of  the  smaller  groups  of  Medusso 
Ave  been  made.  The  principal  attempts  to  revise  the  classifica- 
on  of  the  group  as  a  whole  we  owe  to  Gegenbaur  M  866)  and 
gassiz  (1862).  Their  own  obsei-vations  were  based  either  upon 
uropean  or  American  species,  and  they  could  do  but  little  toward 
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clearing  up  the  relationship  of  the  many  Acalephs  described  hy 
older  writers  in  the  great  voyages  of  circumnavigation  of  the  ear- 
lier part  of  this  century.  Up  to  the  time  of  Gegenbaur  and 
Agassiz  a  great  number  of  young  forms  of  free  Med  as®  bad  been 
described,  either  as  new  genera  or  new  species  entirely  independ- 
ently of  the  study  of  the  Hydroids  and  of  their  developmental 
history.  It  is  easy  to  see  that  endless  confusion  must  little  by  little 
have  crept  into  the  classification  of  the  group.  To  reestablish 
under  these  circumstances  a  certain  amount  of  order  in  the  classifi- 
cation of  Acalephs,  an  investigator  was  demanded  thoroughly 
familiar  with  the  Acalephs  of  several  districts  in  their  living  con- 
dition. Agassiz  and  Gegenbaur,  though  often  holding  very  dis- 
similar views,  have  greatly  simplified  the  classification  of  Medusoe, 
but  no  one  has  taken  up  the  general  subject  since  their  time, 
and  innumerable  papers  on  special  points  of  classification,  anatomy 
and  embryology  have  been  published.  Haeckel's  System  der  Me- 
dusen,  of  which  the  first  part  is  issued,  is  intended  to  incorporate 
all  this  material.  With  his  extensive  knowledge  of  Acalephs 
obtained  during  frequent  visits  to  different  points  of  the  seashore, 
he  proposes  to  revise  the  whole  group,  adding  to  the  species 
already  determined  a  great  number  of  new  species,  nearly  all  of 
which  are  very  effectively  illustrated. 

It  is  very  satisfactory  to  find  this  work  of  HaeckePs  free  firom 
the  abusive  personalities  which  have  disgraced  so  many  of  his 
more  recent  productions,  and  to  find  his  investigations  full  of  ia- 
genious  views,  acute  criticisms,  and  speculations  based  upon  obser- 
vations and  not  upon  fanciful  theories.  This  memoir  will  take  its 
place  beside  his  Monographs  on  Kadiolaria,  on  Sponges,  and  on  the 
development  of  Acalephs,  wliieh  have  given  Hfeckel  so  prominent 
a  place  among  investigators. 

It  seems  unfortunate  that  Hjeckers  facility  for  coining  new 
names  should  lead  him  to  reject  so  frequently  the  established 
names  of  the  higher  sub-divisions  whenever  they  do  not  have  the 
identical  limits  he  himself  assigns  to  any  group.  This  method 
carried  to  its  logical  conclusion  will  render  the  rejection  of  all 
accepted  names  which  do  not  enter  into  the  systematic  or  morpho- 
logical views  of  an  author,  not  only  necessary  but  imperative. 
Haeckel  has  no  patience  with  systematista  who  constantly  replace 
old  names  and  compel  the  writers  of  the  present  day  not  to  ignore 
completely  their  predecessors.  He  accuses  them  of  needlessly  in- 
creasing the  existing  confusion.  Yet  he  himself  ignores  as  com- 
pletely existing  nomenclature,  and  in  his  zeal  to  adopt  or  coin 
names  representing  his  individual  views,  introduces  a  far  greater 
confusion.  This  extreme  method  is  not  limited  with  Hseckel  to 
the  higher  groups,  but  extends  systematically  to  families,  sub- 
families and  even  genera,  so  that  it  will  hereafter  often  be  ex- 
tremely difficult  to  trace  the  history  of  a  genus  or  species  which 
IIa?ckel  has  removed  from  one  ])lace  to  another  as  arbitrarily  as 
the  very  systematist  whom  he  so  often  takes  to  task.  The  existing 
confusion  which  is  so  frequently  his  theme  is  indeed  only  increased 
by  his  own  equally  arbitrary  proceedings. 
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We  certainly  do  uot  seem  to  gain  anything  either  in  exactness 
or  in  our  knowledge  of  the  groups  by  having  the  Tubularians 
(in  the  widest  sense)  appear  again  as  AnthomedussB  or  the  Cam- 
paoularians  as  LeptomedusfiB.  Yet  in  the  primary  sub-divisions  of 
the  Craspedota  the  classification  adopted  by  HsbckcI  is  an  advance 
upon  previous  ones.  The  position  of  the  Trachvneinidfe  and  Cu- 
nmsB  nas  always  been  a  doubtful  one.  HsBckel  enters  the  field 
with  a  mass  of  new  information,  and  the  position  he  assigns  these 
groups  is  well  sustained  by  the  evidence  he  advances.  He  has 
likewise  from  the  great  number  of  Geryonidae  he  has  himself  ex- 
amined, finally  cleared  up  the  chaos  existing  in  regard  to  the 
relationship  of  the  family,  and  the  divisions  he  adopts  are  ex- 
tremely satisfactory.  The  recent  magnificent  histological  work  of 
the  Hertwigs,  of  Eimer  and  others  has  thrown  a  flood  of  light  on 
the  affinities  of  many  of  the  primarv  groups  of  Medusee,  of  which 
Hseckel  has  availed  himself  to  the  fullest  extent. 

It  seems  to  us  that  Hseckel  has  needlessly  increased  the  number 
of  bis  families,  sub-families,  genera  and  sub-genera ;  this  has  been 
carried  so  far  by  him,  that  it  appears  almost  like  a  satire  on  his 
own  work,  and  we  feel  inclined  to  vary  the  question  with  which 
in  a  somewhat  dramatic  way  he  closes  each  one  of  his  general 
chapters  "und  was  ist  bei  den  Anthomedusen  eine  bona  species?^' 
by  another:  and  what  is  among  Craspedota,  a  family,  a  sub- 
fainily,  a  genus  or  a  sub-genus  ? 

It  IS  incredible  that  Hseckel  with  his  great  knowledge  of  Medu- 
sae should  so  readily  transfer  merely  from  the  drawings  of  others 
the  young  of  species  with  which  he  is  not  familiar,  either  into  gen- 
era with  which  they  have  absolutely  nothing  in  common,  or  estab- 
lish new  genera  for  their  reception.  Hseckel  also  makes  a  number 
of  imaginary  corrections  of  others,  evidently  due  to  careless  reading. 
I  may  mention  among  them  the  retaining  of  both  the  Laodiceidse 
and  Melicertidse,  by  A.  Agassiz  and  their  relationship  to  the  Po- 
lyorchidae,  and  his  complete  success  in  restoring  the  former  confu- 
sion existing  among  the  Thaumantiadse  instead  of  clearing  it  up, 
his  criticisms  on  Turris,  on  Obelia  and  Eucope  which  he  nimself 
disproves  a  few  pages  afterward  by  adopting  the  same  method  to 
separate  those  oi  his  own  genera ! 

It  seems  to  have  escaped  Hseckel  that  already  in  1863  A.  Agassiz 
had  called  attention  to  the  confusion  existing  in  the  family  of 
Berenycidae  as  adopted  by  Agassiz  in  his  Contributions ;  to  this 
Haeckel  again  refers  in  nis  s\'stem  where  he  has  figured  and 
described  a  number  of  most  beautiful  forms  of  this  interesting 
family.  For  some  very  exquisite  and  striking  figures  given  by 
Haeckel  I  may  call  attention  to  the  illustrations  of  the  genera 
Sarsia,  Dipurena,  Tiara,  Catablcma ;  the  figures  of  the  Cladone- 
midse,  the  Berenycidse,  Eucopidae  (Otorchis),  the  Geryonidse  and 
Narcomedusae. 

Among  the  Cladonemidae  the  new  genus  Ctenaria  is  held  by 
Haeckel  to  be  the  most  closely  allied  of  all  Craspedota  to  the 
Ctenopherse.     At  first  sight  this  appears  quite  lime,  but  if  we 
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analyze  more  closely  the  combiDation  of  characters  of  the  geDos, 
none  of  which  are  new,  as  HsBckel  himself  states,  we  cannot  help 
being  convinced  that  Ha^ckel  has  exaggerated  beyond  measure 
the  external  resemblance,  and  that  there  is  not  in  Ctenaria  a 
single  feature  characteristic  of  the  Ctenophoree,  while  on  the 
contrary  every  structural  detail  is  met  with  in  some  other  genus 
of  the  Tubularians  (Anthomedusae).  The  eight  ribs  of  lasso 
cells  of  Ctenaria,  similar  to  those  of  Ectopleura,  certainly  can  not, 
in  our  present  state  of  knowledge,  be  homologized  in  any  way 
with  the  locomotive  flappers  of  Ctenophoree.  !N  or  is  the  symmet- 
rically forked  chymiferous  tube  a  ctenophorio  featare ;  it  is  a 
character  of  other  Cladonemidse,  and  of  Willia  and  other  genera, 
where,  however,  the  branching  is  not  symmetrical.  Nor  is  there 
anything  in  the  genital  organs,  the  stomach,  or  proboscis,  which 
we  do  not  iind  in  other  Tubularian  genera,  while  we  find  nothing 
whatever  like  the  above  structures  in  any  Ctenophore.  And 
finally,  if  we  imagine  the  })edunculated  knobs  of  lasso  cells,  of 
Gemmaria  and  Ptcronema  to  be  scattered  along  the  peduncles 
we  have  the  tentacles  of  Ctenaria,  and  when  they  are  reduced  to 
knobs  on  the  tentacle,  we  have  the  identical  structure  of  many  of 
the  SarsiadaB  and  the  like.  But  as  Haeckel's  specimen  was  an 
alcoholic  one  it  is  as  yet  by  no  means  clear  that  the  tentacles  of 
Ctenaria  differed  in  any  way  from  those  of  the  other  Cladonemids. 
That  the  material  still  remaining  for  investigation  is  very  great 
is  well  known  to  all  who  have  had  occasion  to  sail  on  tropical  seas 
and  to  see  the  immense  wealth  of  pelagic  life  float  by;  while 
HaBckePs  work  shows  how  much  progress  could  be  made  in  our 
knowledge  of  Acalepbs  by  sek^cting  a  few  properly  placed  stations 
where  MedusoB  could  be  studied  advantageously.  a.  ag. 

4.  Ijist  of  Dredging  Stations  occupied  by  the  United  JStates 
Coast  Survey  Stettmers  '*  Corwin^^'*  "  Bibh^^'*  "  Haseler^'*  and 
'-'-  Blake^'*  frotii  1867  to  1879/  by  Benjamin  Pierce  and  Cak- 
LiLE  P.  Patterson,  Su|)erintendents  of  the  Coast  Survey.  (Bulletin 
of  the  Museum  of  Comparative  Zoology,  at  Harvard  College, 
Cambridge,  Mass.     Vol.  vi,  No.  1),  September,  1879. 

5.  O phi ur idee  and  Astrophytidm  of  the  Challenger  Expedi- 
tion ;  by  Theodore  Lyman.  Part  II.  (Bulletin  of  the  Museum 
of  Comparative  Zoology  at  Harvard  College,  Cambridge,  Mass., 
vol.  vi,  i^o.  2).     December,  1879. 

C.  Tlie  Cotton  Worm  ;  Summary  of  its  Natural  History,  with 
an  account  of  its  enemies  and  the  best  means  of  controlling  it; 
being  a  report  of  progress  of  the  work  of  the  Commission  ;  by 
Chas.  V.  Riley,  M.A.,  Ph.D.  Washington.  1880.  (United 
States  Entomological  Commission.     Bulletin  No.  3.) 
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IV.  Astronomy. 

1.  Catalogue  of  the  Library  of  the  U.  S,  Naval  OhservoJtory. 
Part  I.  Astronomical  Bibliography ^  by  Prof.  E.  S.  Holden, 
4to,  10  pp.  Washington,  1879. — This  is  part  of  a  proposed  Cata- 
logue of  the  very  valuable  library  of  the  Naval  Observatory. 
Professor  Holden  has,  we  understand,  done  excellent  service  in 
securing  the  completion  and  in  arranging  this  library.  The  pres- 
ent bibliography  is  not  strictly  confined  to  the  books  now  in  the 
library,  nor  to  the  literature  of  observational  Astronomy.  It  will 
be  a  very  valuable  help  to  those  who  have  not,  as  well  as  to  those 
who  have,  access  thereto. 

It  seems  to  have  been  intended  to  cover  the  bibliography  of 
"Astronomy,  Geodesy,  Optics  and  Mathematics."  But  just  as 
only  in  exceptional  cases  it  has  gone  beyond  the  limits  of  the 
Observatory  Library,  so  has  it  only  partially  filled  these  three 
branches  of  science  bordering  on  Astronorav.  The  author  might 
have  made  his  catalogue  much  more  useful  nad  he  marked  out  a 
well  defined  field,  however  narrow,  and  then  covered  the  whole 
of  it. 

The  list  of  books  here  given  lacks  symmetry,  and  the  selection 
is  based  upon  some  system  we  have  not  been  able  to  discern,  or 
else  there  was  a  want  of  that  painstaking  labor  in  its  preparation 
which  we  had  a  right  to  expect  in  whatever  comes  from  the  Na- 
val Observatory.  That  the  list  does  not  cover  "  Geodesy,  Optics 
and  Mathematics,"  will  be  seen  by  the  simple  mention  of  a  few  of 
the  principal  works  a  student  in  those  branches  must  needs  consult. 
Thus  Todhunter's  History  of  the  Theory  of  Attraction  and  the 
Figure  of  the  Earthy  Glaisher's  Report  to  the  British  Association 
on  TableSy  DeHaan's  memoirs  on  Logarithmic  Tables^  Scudder's 
Catalogue  of  Scientific  Serials^  Dove's  Literatur  der  Optik^  The 
JFbrtschritte  der  Physik^  The  Fortschritte  der  Mathematik^  are 
leading  works  in  Geodesy,  Optics  and  Mathematics,  and  yet  are 
all  left  out.  Though  the  worK  ought  to  have  been  better,  it  will 
be  very  useful  as  it  is.  h.  a.  n. 

2.  Publications  of  ths  Cincinnati  Observatory.  No.  5.  180 
pp.  8vo.  Cincinnati,  1879.— This  number  contains  the  results  of 
the  measurements  made  by  the  Director,  Mr.  Stone,  and  his  assist- 
ants, Messrs.  Howe  and  Egbert,  between  January,  1878,  and  Sep- 
tember, 1879,  upon  1064  double-stars.  In  accordance  with  a  plan 
early  adopted  the  stare  measured  have  been  principally  in  the 
southern  Hemisphere.  The  exceptions  were  mainly  well  known 
doubles  measured  for  personal  equation,  and  new  doubles  discov- 
ered by  Mr.  Burnham.  Nearly  200  new  doubles  in  all  have  been 
detected  at  the  observatory. 

3.  Catalogue  of  the  mean  decliiuition  o/*  2018  stars  between  0^ 
to  2*^  and  12*»  to  24*'  R,  A.,  and  10**  to  1(f  Ni  decl.for  January  1, 
1876 ;  by  T.  H.  Safford.  4%  Washington,  1879.— This  Cata- 
logue was  prepared  under  direction  of  Lieut.  Wheeler  of  the  XJ.  S. 
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Engineer  Department  primarily  for  use  in  the  geographical  sur- 
veys west  of  tne  100th  meridian.  The  area  in  the  neavens  covered, 
is  nearly  one  fourth  of  the  celestial  sphere,  being  that  part  that  is 
of  use  in  field  work.  The  aim  has  been  to  determine  with  the 
utmost  accuracy  attainable  the  declinations,  and  the  annual  pre- 
cessions and  proper  motions  in  declination,  of  these  stars,  ana  in- 
cidentally the  corresponding  elements  in  R.  A.  The  logs,  of  a'  V 
c'  and  cr  are  given  for  each  star.  For  the  region  covered,  this 
must  for  some  time  to  come  be  a  standard  catalogue  for  the  prin- 
cipal stars. 

4.  AnncUs  of  the  Astronomical  Observatory  of  Harvard  Col- 
lege. Vol.  xi,  part  II.  Cambridge,  1879.  By  E.  C.  Pickering, 
Director. — This  part  is  a  continuation  of  Photometric  Observa- 
tions made  in  1877-9  principallv  with  the  large  equatoriaL  The 
leading  objects  observed  were  the  satellites  of  the  various  planets, 
a  few  of  the  asteroids,  and  about  a  hundred  unequal  double  stars. 

Assuming  an  albedo  for  the  satellites  equal  to  that  of  their 
primaries,  and  of  the  asteroids  equal  to  that  of  Mars,  Prof.  Picke^ 
mg  arrives  at  the  following  diameters  of  some  of  the  smaller  mem- 
bers of  the  solar  system  in  English  miles,  a  result  of  general  interest 


Phobos 

5-57'° 

Dioue 

642» 

Titania 

686» 

Vesta 

319- 

Deimos 

4-85 

Rhea 

745 

Oberon 

544 

Antiope 

51 

Mimas 

292 

Titan 

1406 

Sat.  Nept 

2260 

Bninhild 

20 

EDceladus 

370 

Hyperion 

193 

Pallas 

167 

Eva 

14 

Tethya 

570 

JapBtUB 

486 

Juno 

94 

Menippe 

12 

Japetus  varies  with  his  position  in  his  orbit,  which  naturally 
leads  to  the  conclusion  that  his  time  of  rotation  on  his  axis  equals 
the  time  of  revolution  in  his  orbit,  as  is  true  for  our  moon.  The 
diameters  computed  from  the  maximum,  mean  and  minimum  bril- 
liancy are  574,  486,  and  307  miles. 

V.   Miscellaneous  Scientific  Intelligence. 

1.  The  Smithsonian  Institution  ;  Journals  of  the  Board  of 
Regents^  Reports  of  Conwiittees^  Statistics,  etc;  Edited  by  Wil- 
liam J.  Khkes.   844  pp.  8vo.     Washington,  D.  C:  1879  (Smith- 
sonian Miscellaneous  Collections,  .S29). — This  volume  has  been 
compiled  in  accordance  with  the  instructions  of  the  Board  of  Re- 
gents to  the  Secretary,  to  have  prepared  and  to  publish  a  history 
of  the  origin    and  progress  of  the  Smithsonian    Institution.     It 
contains   the  Journal  of  Proceed incrs   of  the    Board    of  Reisrents 
from  its  first  meeting,  September  1*^,  1846,  to  January  26,  1876, 
together  with  the  reports  of  the  Executive,  Building,  and  Special 
Committees.     It   also  includes  eulogies  on  deceased  members  of 
the  Board,   and    distinguished   collaborators    of  the  Institution; 
also,  an  account  of  the  Bache  Fund,  the  Tyndall  trust,  the  Co^ 
coran  Gallery  of  Art,  and  various  other  similar  matters. 

2.  Erasmus  Darwin;  by  Ernst  Kkause  ;  translated  from  the 
German  by  W.  S.  Dallas,  with  a  preliminary  notice  by  Charles 
Darwin.     216   pj).  8vo.     New  York,    1880.     (D.  Appleton  aud 
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Company). — ^The  first  half  of  this  work  contains  a  life  of  Dr. 
Darwin  by  his  grandson,  and  the  remainder  is  devoted  to  a  dis- 
cussion of  his  scientific  works  by  Krause.  The  book  will  be  read 
with  appreciation  by  many,  both  in  view  of  the  interest  which 
attaches  to  the  general  history  of  the  Theory  of  Development, 
and  because  it  shows  how  far  the  habits  of  thought  of  the  older 
naturalist  have  descended  to  the  grandson  who  has  given  his 
name  to  "  Darwinism." 

3.  Blowpipe  Analysis;  by  J.  Landaubb  ;  authorized  English 
Edition  by  James  Taylob  and  William  E.  Kay,  of  Owens  Col- 
lege, Manchester.  161  pp.  12mo.  London,  1879.  (Macmillan 
and  Co.) — The  onginal  German  work,  of  which  this  is  an  English 
translation,  was  written  some  four  years  since  by  Mr.  J.  Landauer. 
It  follows  the  manual  of  Elderhorst  in  the  arrangement,  but  differs 
trom  it  and  other  works  in  that  it  is  prepared  from  a  chemical 
rather  than  an  exclusively  mineralogical  point  of  view.  The 
various  means  and  methods  of  blow[>ipe  analysis  are  fully  and 
well  described  and  arranged  in  convenient  tables.  It  contains  an 
extended  description  of  the  flame  reactions  of  Bunsen,  and,  also, 
as  introduced  by  Mr.  Taylor,  his  own  systematic  course  of  analy- 
sis, and  an  account  of  the  reactions  with  the  aluminium  plate  of 
Ross.  It  will  be  found  a  useful  and  satisfactory  hand-book  by 
those  desiring  to  become  acquainted  with  the  practical  use  of  the 
blowpipe. 

4.  American  Journal  of  Mathematics^  pure  a?id  applied. 
Editor-in-chief,  J.  J.  Sylvester;  Associate  Editor-in-charge, 
William  E.  Story;  with  the  cooperation  of  Simon  Newcomb, 
H.  A.  Newton,  H.  A.  Rowland.  JPublished  under  the  auspices 
of  the  Johns  Hopkins  University,  Baltimore. — The  following  is 
the  table  of  contents  of  the  last  number  of  this  Journal : — 

On  the  Geographical  Problem  of  the  Four  ColorB,  (Plate  II),  by  A.  B.  Kempe, 
B.A.,  (of  London);  Note  on  the  Preceding  Paper,  by  William  E.  Story;  The  Qua- 
ternion Formulae  for  Quantification  of  Curves,  Surfaces  and  Solids,  and  for  Bary- 
oentres,  by  W.  I.  Stringham ;  On  the  Dynamics  of  a  "  Curved  Ball,"  by  Ormond 
Stone ;  Note  on  Determinants  and  Duadic  Synthemes,  by  J.  J.  Sylvester ;  Tables 
of  the  Generating  Functions  and  Groundforms  for  the  Binary  Quantics  of  the  First 
Ten  Orders,  by  J.  J.  Sylvester,  assisted  by  F.  Franklin;  Note  on  the  Projection  of 
the  General  Locus  of  Space  of  four  dimensions  into  space  of  three  dimensions,  by 
Thomas  CYaig ;  On  the  Motion  of  an  Ellipsoid  in  a  Fluid,  by  Thomas  Craig ;  On 
Certain  Ternary  Cubic-Form  Equations,  chapter  I,  On  the  Hesolulion  of  Num- 
bers into  the  sums  or  differences  of  Two  Cubes,  by  J.  J.  Sylvester ;  A  New  Proof 
of  the  Theorem  of  Reciprocity,  by  Dr.  Julius  Petersen,  (of  Copenhagen) ;  On  a 
New  Action  of  the  Magnet  on  Electric  Currents,  by  E.  U.  Hall.  (This  article  is 
dted  on  pp.  200-205  of  this  Journal). 

That  a  Journal  of  this  character  should  be  so  well  supported  is 
honorable  alike  to  American  science  and  to  the  University  under 
whose  auspices  it  is  published. 

6.  Narrative  of  the  Polaris.  —  It  is  announced  that  Mr. 
Defrees,  the  Public  Printer  at  Washington,  will  receive,  until 
June  first,  orders  for  the  new  edition  of  the  Narrative  of  the 
Polaris,  at  two  dollars  per  copy.  The  money  must  be  sent  him 
with  the  order.     This  is  the  beautiful  edition,  of  which  extra  copies 
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have  been  sold  by  authority  of  Congress  at  ten  per  cent  above  the 
cost  of  press  work  and  paper. 

6.  Bemhard  von  Cotta  Fund, — A  request  has  been  made  to  all 
the  pupils  and  friends  of  Bemhard  von  Cotta,  who  died  at  Frei- 
berg on  September  14,  1879,  to  join  in  erecting  a  monument  to  his 
memory,  and  in  establishing  a  fund  which  shall  be  called  tbe 
"Bemhard  von  Cotta  Stiftung."  The  memorial  stone  is  to  he 
erected  at  a  suitable  spot  in  1^  reiberg ;  the  fund  is  intended  for 
the  assistance  of  indigent  students  at  Freiberg,  either  to  enable 
them  to  take  part  in  geological  excursions,  or  in  more  extended 
tours,  or  to  facilitate  their  studies  in  other  ways.  The  advantages 
arising  from  this  fund  are  to  be  open  to  all  worthy  students, 
irrespective  of  nationality  or  creed. 

Among  the  large  number  in  America  who  have  been  friends  or 
scholars  of  von  Cotta  there  must  be  many  who  will  take  pleasure 
in  responding  to  this  appeal.  The  American  members  of  tbe 
Committee  are:  Prof.  G.  J.  Brush,  New  Haven,  Ct.;  Prof.  F. 
Prime,  Philadelphia;  Prof.  Raphael  Pumpelly,  Newport,  R.  I.; 
Dr.  R.  W.  Raymond,  New  York. 

7.  Ths  Naturalists  Quarterly,  Vol.  i.  No.  1,  January,  1880, 
Salem,  Mass.  (Naturalist  Bureau). — A  popular  magazine  devoted 
to  Natural  History  in  all  its  branches. 

8.  A  Geological  Atlas  of  the  United  States  and  Cancida. — ^It 
is  proposed  by  Professor  C.  H.  Hitchcock,  as  the  completion  of  a 
plan  made  some  years  since,  to  prepare  a  geological  map  of  tbe 
United  States.  The  support  of  those  interested  is  called  for  in 
order  to  make  it  possible  to  carry  through  the  undertaking.  Tbe 
responsibility  of  issuing  the  map  has  been  accepted  by  Mr.  Julius 
Bien,  of  New  York  (18  Park  Place),  on  condition  that  a  sufficient 
number  of  subscribers  be  obtained  to  cover  the  expense. 

The  base  is  the  United  States  Centennial  Map,  revised  and  com- 
pleted by  order  of  Congress.  It  is  to  be  8x13  feet,  and  will  be 
furnished  with  the  geological  colors,  mounted  on  rollers,  at  %50, 
or  in  sixteen  sheets  at  $45  per  copy.  An  explanatory  text  will 
accompany  the  map. 

9.  M.  Dumas.  —  "  Nature "  has  published  (Feb.  6)  an  extra 
number  devoted  entirely  to  an  account  of  the  life  and  work  of 
M.  Dumas,  the  eminent  French  chemist.  The  paper  is  prepared 
by  Dr.  Hofmann,  of  Berlin. 

10.  Erratum. — In  the  notice  of  Professor  Cope's  memoir,  on 
page  155  of  this  volume,  the  number  of  species  mentioned  in  the 
eighth  line  should  be  (hirti/'SQ\en  instead  of  seven. 

Brain  Work  and  Overwork ;  by  Dr.  H.  C.  Wood,  Clinical  Professor  of  Ner- 
vous Diseases  in  the  University  of  Pennsylvania,  etc.  126  pp.,  12mo.  Philadel- 
phia,   1880.     (Presley  Blakiston.) 

7%€  Pathology  of  Mind;  being  the  third  edition  of  the  second  part  of  the 
"  Physiology  and  Pathology  of  Mind,"  recast,  enlarged  and  rewritten ;  by  Hesbt 
Maudslby,  M.D.     680  pp.,  8vo.    New  York :  1880.    (D.  Appleton  A  Co.) 
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Art.  XXXL  —  Principal  Characters  of  American  Jurassic 
Dinosaurs;  by  Professor  O.  C.  Marsh.  Part  IIL  With 
six  plates. 

In  the  previous  articles  of  this  series,  the  writer  has  recorded 
the  more  important  characters  of  several  groups  of  Dinosaurs 
fix)m  the  Jurassic  deposits  of  the  Rocky  Mountain  region.*  In 
the  present  communication,  some  of  the  peculiar  features  in 
the  structure  of  the  Stegosauria  are  made  Known.  This  sub- 
order proves  to  be  one  of  the  most  specialized  of  the  known 
Dinosaurs,  and  differs  widely  from  the  other  groups. 

SUgosaitruSj  Marsh,  1877. 

The  type  genus  of  this  group  {Stegosaurus)  may  be  taken  as 
the  representative  of  the  suborder.  Among  the  characters 
which  at  present  distinguish  this  genus  from  the  other  known 
groups  of  Dinosaurs  are  the  following  : 

!1)  All  the  bones  of  the  skeleton  are  solid. 
2)  The  femur  is  without  a  third  trochanter. 
8)  The  crest  on  the  outer  condyle  of  the  femur,  which  in 
Birds  separates  the  heads  of  the  tibia  and  fibula,  is  rudimentary 
or  wanting. 

(4)  The  tibia  is  firmly  coossified  with  the  proximal  tarsals. 

(5)  The  fibula  has  its  larger  extremity  below. 

Various  other  important  characters  of  the  present  group, 
which  are  shared  in  part  by  some  aberrant  Dinosaurs,  will  be 
given  below. 

Ths  Skull  and  Bbain. 

The  skull  in  the  Stegosauria^  so  far  as  known,  was  remarka- 
bly small.  In  its  main  features  it  agreed  more  nearly  with  that 
of  the  genus  Eatteria^  from  New  Zealand,  than  with  any  other 
living  reptile.  The  quadrates  were  fixed,  and  there  was  a 
qaadrato-jugal  arch.    The  jaws  were  short  and  massive. 

♦This  Journal,  xiv,  513 ;  xv,  241 ;  xvi,  411 ;  xvii,  86 ;  and  xviii,  501. 
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Little  has  been  known  hitherto  of  the  brain  of  Dinosaure, 
but  fortunately  in  one  specimen  of  Stegosaurus  the  brain-case 
is  well  preserved,  and  apparently  without  distortion.  Figures 
1  and  2  of  Plate  VI  show  the  form  and  general  characters  of 
this  brain -cavity.  The  brain  of  this  reptile  was  much  elon- 
gated, and  its  most  striking  features  were  the  large  size  of  the 
optic  lobes  (op),  and  the  small  cerebral  hemispheres  (c).  The 
latter  had  a  transverse  diameter  only  slightly  in  excess  of  the 
medulla.  The  cerebellum  was  quite  small.  The  optic  nerve 
{on)  corresponded  in  size  with  the  optic  lobes.  The  olfactory 
lobes  {ol)  were  of  large  siza  As  a  whole,  this  brain  was  lacer- 
tilian  rather  than  avian.  A  brain-cast  of  a  young  Alligator 
(figure  8)  is  given  on  the  same  plate  for  comparison.  The  con- 
trast in  the  development  of  the  cerebral  region  is  marked,  but 
in  some  other  respects  the  correspondence  is  noteworthy. 

In  comparing  the  proportionate  size  of  the  brain  of  this 
living  reptile  with  that  of  Stegosaurus^  as  given  on  Plate  VTI, 
the  result  proves  of  special  interest.  The  absolute  size  of  the 
two  brain-casts  is  approximately  as  1  to  10,  while  the  bulk 
of  the  entire  bodies,  estimated  from  corresponding  portions  of 
each  skeleton,  was  as  1  to  1000.  It  follows  that  the  brain  of 
Stegosaurus  was  only  y^  that  of  the  Alligator,  if  the  weight 
of  the  entire  animal  is  brought  into  the  comparison.  If  the 
cerebral  regions  of  the  two  brains  were  alone  compared,  the 
contrast  would  be  still  more  striking.  This  comparison,  gives, 
of  course,  only  approximate  results,  and  some  allowance  should 
be  made  for  the  proportionally  larger  brain  in  small  animals. 


Outline  of  posterior  part  of  skull  and  brain-cast  of  Morosaurus  grandis,  Marsh; 
superior  view,  one-fourth  natural  size ;  ol.  olfactory  lobes;  c.  cerebral  hemis- 
pheres; op.  optic  lobes;  on.  optic  nerve;  cb.  cerebellum;  m.  medulla;  oc 
occipital  condyle. 

The  brain  of  Stegosaurus  uugulatus  is  clearly  of  a  lower  type 
than  that  of  Morosaurus,  which,  as  the  writer  has  shown,  was 
several  times  smaller  in  diameter  than  the  neural  canal  in  its 
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own  sacrum.*  In  the  latter  genus,  the  brain  was  proportion- 
ally shorter,  and  the  cerebral  region  better  developea,  as  shown 
in  the  cut  above.  The  absolute  size  of  this  brain  as  compared 
with  that  of  Stegosaurus  is  about  16  to  10,  the  brain  of  the  Alli- 
gator figured  being  regarded  as  1.  Taking  again  the  body  of 
the  Alligator  as  the  unit,  and  Stegosaurus  as  1000,  that  of  Moro- 
saurus  would  be  about  1500.  Stegosaurus  had  thus  the  smallest 
brain  of  any  known  land  vertebrate.  These  facts  agree  fully 
with  the  general  law  of  brain-growth,  made  out  by  the  writer 
in  extinct  mammals  and  birds. 

The  Tekth. 

The  teeth  of  Stegosaurus  are  very  numerous,  and  mostly  cylin- 
drical in  form.  Those  from  the  maxillary  figured  on  plate  VI 
may  be  regarded  as  typical.  The  series  represented  in  figure 
4  consists  of  functional  teeth  in  position,  although  separated 
from  the  jaw.  The  crowns  are  more  or  less  conapressea  trans- 
versely, and  are  covered  with  thin  enamel.  The  fangs  are 
long  and  slender,  and  the  pulp  cavity  is  continued  nearly  or 
quite  to  the  crown.  The  jaws  contain  but  a  single  row  of 
teeth  in  actual  use.  These  are  rapidly  replaced  as  they  wear 
out  by  a  series  of  successional  teeth,  more  numerous  than 
hitherto  observed  in  these  reptiles.  Figure  5,  on  Plate  VI, 
represents  a  transverse  section  through  the  maxillary,  immedi- 
ately behind  the  fourth  tooth.  The  latter  is  shown  in  place  (1), 
and  below  it  is  a  series  of  five  immature  teeth  (2  to  6),  in 
various  stages  of  development,  preparing  to  take  its  place. 
These  successional  teeth  are  lodged  in  a  large  cavity  (c),  which 
extends  through  the  whole  dental  portion  of  the  maxillary. 
The  teeth  in  use  were  loosely  implanted  in  separate  sockets, 
and  were  readily  displaced.  The  entire  dental  series  evidently 
formed  a  very  weak  dentition,  adapted  to  a  herbivorous  life. 

The  Vbbtebb^. 

The  vertebrae  of  Stegosaurus  preserved  all  have  the  articular 
faces  of  their  centra  concave,  although  in  some  the  depression  is 
slight  They  are  all,  moreover,  without  pneumatic  or  medullary 
cavities.  On  Plate  VII,  a  selection  from  the  vertebral  series  of 
one  skeleton  is  given,  which  shows  the  principal  forms.  Figures 
1  and  2  represent  a  median  cervical.  The  other  neck  vertebrae 
have  their  centra  of  similar  length,  but  the  diameter  increases 
from  the  axis  to  the  last  of  the  series.  Some  of  the  anterior 
cervicals  have  a  small  tubercle  in  the  center  of  each  end  of  the 
centra,  a  feature  seen  also  in  some  of  the  caudals.  All  the  cer^ 
vicals  supported  short  ribs. 

*  This  Joamal,  vol.  xvii,  p.  87. 
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The  dorsal  vertebr»  have  their  centra  rather  longer,  and 
more  or  less  compressed.  The  neural  arch  is  especiaUy  ele- 
vated. The  neural  canal  is  much  hieher  than  wida  The  head 
of  the  rib  fits  into  a  pit  on  the  side  ox  the  neural  arch.  Figures 
8  and  4,  Plate  VII,  represent  a  posterior  dorsal,  with  character 
istic  features.  The  ribs  are  massive,  and  strengthened  bj 
their  form,  which  is  T  shaped  in  transverse  section. 

The  sacral  vertebrae  are  coossified,  but  their  exact  number  in 
the  present  genus  has  not  yet  been  fully  determined. 

The  caudal  vertebrae  oflfer  the  greatest  diversity,  both  in  size 
and  form.  The  anterior  caudals  are  the  largest  in  the  whole 
vertebral  series,  and  highly  modified  to  support  a  portion  of 
the  massive  dermal  armour.  The  articular  faces  of  their  cen- 
tra are  nearly  plane,  and  very  rugosa  The  neural  spine  has  an 
enormous  development,  and  its  summit  is  expanded  into  a 
bifurcate  rugose  head.  These  caudals  are  very  snort,  and  their 
neural  spines  nearly  or  quite  in  apposition  abova  These  ver- 
tebrae have  no  distinct  faces  for  chevrons.  The  transverse 
processes  are  expanded  vertically,  and  their  extremities  curve 
downward.  Further  back,  the  same  general  characters  are  re- 
tained, but  the  centra  are  more  deeply  cupped,  and  the  spines 
less  massive.  Figures  5  and  6,  Plate  Vll,  show  a  caudal  ver- 
tebra from  this  region.  The  chevrons  here  have  their  articular 
ends  separate,  and  rest  upon  two  vertebrae.  In  the  median 
caudals,  the  spine  has  greatly  diminished  in  height,  and  the  feces 
for  chevrons  are  placed  on  prominent  tubercles  on  the  postero- 
inferior  surface.  The  lower  margin  of  the  front  articular  face 
is  sharp,  and  the  chevrons  do  not  meet  it.  In  the  more  distal 
caudals  (figures  7  and  8),  the  neural  spine  and  zygapophyses  are 
reduced  to  mere  remnants,  but  the  chevron  facets  remain  distinct 
These  vertebrae,  as  well  as  those  further  back,  have  their  centra 
much  compressed.  The  caudal  vertebrae  are  remarkably  uni- 
form in  length, throughout  most  of  the  series. 

The  Fore  Limbs. 

On  Plate  VIII,  some  of  the  bones  of  the  scapular  arch  and 
anterior  limbs  of  Stegosaunis  are  figured.  The  scapula  and 
coracoid  are  of  the  true  Dinosaurian  type.  The  former  has  its 
upper  portion  rather  siiort,  and  moderately  expanded  (figure 
1).  Tiie  coracoid  was  closely  united  to  the  scapula  by  cartilage: 
It  is  perforated  by  tiie  usual  foramen,  which  in  some  cases  may 
become  a  notch. 

The  humerus  (figure  2)  is  short  and  massive.  It  has  a  dis- 
tinct head,  and  a  strong  radial  crest  The  shaft  is  constricted 
medially,  and  is  without  any  medullary  cavity.  The  ulna  (figure 
3)  is  also  massive,  and  has  a  very  large  olecraual  process.    Its 
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distal  end  is  comparatively  small.  The  radius  is  smaller  than 
the  ulna.  The  fore  limb,  as  a  whole,  was  very  powerful,  and 
adapted  to  varied  movements. 

The  Hind  Limbs. 

The  pelvic  arch  of  Stegosaurus  is  not  complete  in  the  speci- 
mens at  p)re8ent  known,  but  its  main  characters  agree  with  the 
Dinosaurian  type.  The  acetabulum  is  formed  by  the  ilium, 
ischium,  and  pubis.  The  last  was  apparently  directed  downward 
and  forward.  The  ischium  is  shown  on  Plate  IX,  figure  1.  It 
lias  a  large  head  for  union  with  the  post-acetabular  process  of 
the  ilium,  and  a  thin  extended  vertical  margin  where  it  joins 
the  pubis.  At  its  distal  end,  it  was  united  with  its  fellow  by 
cartilaga 

The  femur  of  Stegosaurus  (Plate  IX,  figure  2)  is  by  far  the 
largest  bone  in  the  skeleton.  It  is  remarkably  long  and  slen- 
der. There  is  no  distinct  head,  and  the  great  trochanter  is 
nearly  or  quite  obsolete.  The  shaft  is  of  nearly  uniform  width, 
and  very  straight.  There  is  no  evidence  of  a  third  trochanter. 
The  distal  end  of  the  femur  is  peculiar  in  having  very  flat 
condyles,  with  only  a  shallow  depression  between  them.  The 
external  one  has  only  a  rudiment  of  the  ridge  which  passes 
between  the  heads  of  the  tibia  and  fibula,  and  is  so  character- 
istic of  true  Dinosaurs  and  Birds. 

The  tibia  (figure  3)  is  very  much  shorter  than  the  femur. 
Its  superior  end  is  unusually  flat,  indicating  that  it  met  the 
flat  condyles  of  the  femur  so  las  to  bring  the  two  bones  at  times 
nearly  or  quite  into  the  same  line.  The  shaft  of  the  tibia  is 
constricted  medially,  leaving  a  wide  space  between  it  and  the 
fibula.  The  distal  end  of  the  tibia  is  blended  entirely  with  the 
convex  astragalus,  so  as  to  strongly  resemble  the  corresponding 
part  in  Birds. 

The  fibula  (figure  3)  is  slender,  and  has  its  smaller  end  above. 
This  extremity  is  applied  closely  to  the  head  of  the  tibia  by  a 
rugose  suture,  so  as  readily  to  unite  with  it.  Its  upper  articular 
surface  is  nearly  or  quite  on  a  level  with  that  of  the  tibia. 
The  distal  end  of  the  fibula  is  expanded,  and  in  the  specimen 
figured  is  firmly  coossified  with  the  calcaneum.  The  two 
coalesce  with  the  tibia  and  astragalus,  and  form  a  smooth  con- 
vex articulation  for  the  distal  tarsals.  The  latter  are  distinct. 
The  posterior  limbs  were  more  than  twice  as  long  as  those  in 
front 

The  bones  of  the  feet  of  Stegosaurus  have  not  yet  been  fully 
identified,  although  a  number  have  been  found.  In  figure  4, 
Plate  IX,  a  metapodial  bone  is  shown,  and  in  figure  4,  Plate 
VIII,  are  views  of  a  very  characteristic  terminal  phalanx. 
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Dermal  Spines  and  Plates. 

The  most  remarkable  feature  about  Stegosaurus  is  the  series 
of  ossifications  which  formed  its  oflFensive  and  defensive 
armour.  These  consist  of  numerous  spines,  some  of  great  size 
and  power,  and  many  bony  plates,  of  various  sizes  and  shapes, 
well  fitted  for  protecting  the  animal  against  assaults.  Someof 
these  plates  are  a  meter,  or  more  than  three  feet,  in  diameter. 

The  spines  were  of  different  forms,  and  varied  much  in  size. 
On  Plate  X,  four  of  these  are  represented.  All  of  those  pre- 
served are  unsymmetrical,  and  most  of  them  are  in  pairs.  One 
of  the  largest  is  shown  in  figure  1,  which  gives  the  more  usual 
form  and  proportions.  This  specimen  is  over  two  feet  (630 
mm)  in  length,  and  its  fellow  is  of  the  same  size. 

This  spine  has  a  rugose  oblique  base,  and  its  sides  are 
marked  by  vascular  impressions  and  grooves  similar  to  those 
on  the  bony  horn -cores  of  ungulate  mammals.  It  was  evi- 
dently covered  by  a  horny  substance,  and  in  life  formed  a  most 
powerful  weapon.  The  spinous  appendage  represented  in  fig- 
ure 2  of  the  same  plate  was  very  similar  in  form  and  proper 
tions,  but  of  smaller  size.  It  agrees  closely  with  its  mate, 
found  not  far  from  it.  Nine  diflFerent  spines  of  this  character 
were  recovered  with  this  same  skeleton,  and  others  may  have 
been  lost 

Figure  8  represents  a  different  kind  of  spine.  This  also 
is  obliquely  truncated  at  the  base,  and  thus  is  unsymmetrical. 
but  its  fellow  has  not  been  discovered.  Its  sides  are  flat  and 
covered  with  vascular  markings.  There  is  a  distinct  ridge 
near  the  base,  showing  the  depth  this  spine  was  inserted  in  the 
flesh.  A  smaller  spine  of  the  same  general  character  was  found 
near  it.  The  small  tubercular  bone,  shown  in  figure  1,  Plate 
X,  is  very  similar  to  the  base  of  a  spine-core,  with  the  blade 
aborted. 

The  position  these  various  spines  occupied  in  life  is  uncer- 
tain, as  none  of  them  were  found  in  place  with  portions  of  the 
skeleton  fitted  to  support  them.  A  spine  somewhat  similar  to 
that  in  figure  2  was  found  with  the  skeleton  of  0)ywsaurns,  io 
England,  and  regarded  by  Owen  as  a  carpal  appendage,* 
Stegosaurus  may  have  been  so  provided,  but  the  number  and 
variety  of  the  spines  found  with  one  skeleton  indicate  that 
various  other  parts  were  equally  well  armed.  There  are  no 
indications  of  the  attachment  of  spines  to  the  tarsal  region. 

The  dermal  plates  which  protected  the  same  animal  were 
much  more  numerous  than  the  spines.  Some  of  them  were  so 
large  and  peculiar  that  their  position  is  indicated  b3'  the  struc- 
ture of  the  anterior  oandal  vertebrae,  whose  enormous  neural 
spines  were  especially  adapted  to  support  them. 

*  PalaeoDtographical  Society,  1875. 
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The  plate  represented  on  Plate  XI,  figure  2,  was  perhaps  a 
dermo-neural  spine,  which  stood  erect  over  the  caadal  vertebrsd. 
This  would  imply  a  deep  compressed  tail,  and  of  this  there  are 
various  indications.  Several  other  plates  found  near  the 
caudals  probably  occupied  a  similar  position. 

The  largest  plates  discovered  are  similar  to  the  one  repre- 
sented in  figure  3.  These  are  unsymmetrical,  and  their  sur- 
faces indicate  that  their  position  was  on  the  back,  arranged  on 
each  side  of  the  medial  line.  There  may  have  been  several  of 
these  rows.  Some  of  the  smaller  plates  were  discoidal  in  form, 
and  quite  thin.  That  shown  in  figure  1,  is  one  of  the  smallest 
recovered.  With  such  protection  as  the  plates  and  spines 
together  afforded,  Stegosaurus  was  doubtless  more  than  a  match 
for  his  larger  brained  cotemporaries. 

In  considering  the  aflSnities  of  Stegosaurus^  it  would  appear 
that  the  nearest  known  ally  was  Omosaurus,  The  fore  limb, 
dorsal  vertebrae,  and  one  dermal  spine  are  similar.  The  caudal 
vertebrae,  however,  are  different,  and  there  is  no  evidence  that 
the  latter  genus  was  provided  with  plates,  or  that  the  skull  and 
teeth  were  at  all  like  those  of  Stegosaurus.     They  both  may 

Erove  to  belong  in  the  same  sub-order,  and  perhaps  in  the  same 
imily,  Stegosauridcs. 

The  two  known  species  of  Stegosaurus  were  about  thirty  feet 
in  length.  They  were  herbivorous,  and  probably  more  or 
less  aquatic  in  habit.  It  is  possible  that  the  difference  between 
them   was  only  sexual,  as  spines  were  found  with  only  one. 

The  great  disproportion  in  length  between  the  fore  and  hind 
limbs,  greater  probably  than  in  any  known  Dinosaur,  would 
imply  that  Stegosaurus  was  more  or  less  bipedal  in  its  move- 
ments on  land.  The  very  short,  powerful  fore  limbs,  admit- 
ting of  free  motion,  mav  have  been  well  armed  with  spines, 
and  thus  used  most  effectively  in  defence.  The  back  was 
evidently  armed,  as  well  as  protected.  When  alive,  Stegosaurus 
must  have  presented  by  far  the  strangest  appearance  of  all  the 
Dinosaurs  yet  discovered. 

The  remains  of  the  animals  here  described  are  all  from  the 
Atlantosaurus  beds  of  the  Upper  Jurassic,  in  Colorado  and 
Wyoming.  In  bringing  them  to  light,  Messrs.  Arthur  Lakes, 
W.  H.  Reed,  and  S.  W.  Williston  have  rendered  an  important 
service  to  science. 

Yale  College,  New  Haven,  Feb.  18,  1880. 
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ignre  I. — Oulline  at  nknlland  brain-t^ast  of  Skaotaurut  tingtilatiui.  Marah;  teen 
from  above,  one-half  natural  nize;  of,  olfactory  lobes;  r,  rerehral  hemia- 
pheren;  op,  optic  lobi-H ;  an  optic  nerve;  ch,  cerebellum;  ni,  medulla;  /, 
orbital  cavitj:  /'  lemporal  Iosbu;  or,  occipital  condyle. 

i^ure  2. — !>ame  brain-cast:  "ide  view,  one-balf  natuml  size. 

ipjre  :!. — Brain-caat  of , voting  Alligator;  tliree-foiirthB  natural  eizo. 

ignre  4.— Uaiillar;  teeth  of  .••'tegnaaurai  aTm-tliu.  Mnrah;  aide  view,  one-halt 
natural  size ;  e,  enamel ;  r.  root. 

igure  5. — Section  ot  mazillar;  of  Stegosavnu  armatiu;  showing  functional 
tooth  in  position,  and  five  nuccesstonal  t«eth  in  dental  cavit; ;  a,  outer 
wall;  b,  inner  wall;  c,  cavit; ;  /  ioramen. 
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Figure  1, — Cervical  vertebra  of  Slego» 

diapophTsis ;  p.  parapophysia  1  g, 

sr',  posterior  zygapophysia ;  n,  neural  canal. 
Figure  2, — Same  vertebra;  front  view. 

Figure  3. — Ooraal  vertebra  of  name  serieB ;  side  vien ;  letters  rb  above. 
Figure  4. — Same  vertebra;  front  view. 

figure  6. — Anterior  caudal  vertebra  of  same  serisB;  side  view;  e,  face  forcb 
Figure  6. — Same  vertebra ;  front  view. 
Figure  7.— Distal  caudal  of  same  aeries:  aide  .view. 
figure  8. — Same  vertebra;  front  view. 

All  the  figures  are  one-eighth  natural  eha. 
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I. — Left  ecapiila  anil  corscoid  of  Slegoaaunu  vngulatui,  Marsh;   Hide 
BW,  one-tweKlh  naturnl  aiie;  a.  scapular  faoe  of  glenoid  cavity ;  a',<x 
idean  part  of  t>ame;  b,  suitace  for  udiod  with  ooroi-oid. 

2. — llumeniH  of  f-'legosaunia  un^atia;  front  view,  one-twcinh  uatiirnl    i 
■e ;  h.  liPBd ;  r.  radial  crest. 

3.— Ulna  of  wma;   sitle  view,  one-twelfth  natural   Biie;   o,  olecTBaal    i 
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— Left  ischium  of  Ftegn'Ouriis  un^alua,  Marsh ;  side  view,  one-twe 

ral  aize ;  a,  acetabulum ;  i,  face  for  union  with  ilium ;  p,  margiu  J 

f)ubis;  «,  symphjeix, 

— Left  femur  of  .Slcgiwinrua  tingutaliu ;  ftont  view,  ons-twelfth  Ditnral 

;  I,  poeiCioD  oE  groat  troclianter;  »,  shaft,  sbowiug  ■tweans  of  third 

hantor;  e,  inner  coudjle. 

. — Tibia  and  fibula  of  Bume  limb;  froot  view,  same  aln;  a,  uttigalui ; 

ioineuD), 

. — Metapodial  bone  of  aamo  animBl;  one-tourtb  uatiml  aiii;  a,  M» 

r  I  b,  front  view. 
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Plate  X. 
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re  I. — Dermal  spine  oT Stt'^nsaurtun  ttntjulatv-s.  Marsh:  a.  side  view;  b,  front 

view;  c.  section;  d.  inferior  view  of  base. 

re  2. — Sinjiller  dennal  spine  of  same  individual;  b,  posterior  view;  oilier 

letters  as  above. 

re  A. — Flat  dermal  spine  of  same ;  letters  as  in  figure  2. 

re  1. — Tubercular  spine  of  same  species :  a.  superior  view ;  b,  inferior  view  : 

c,  fore  and  aft  view. 

All  the  figures  are  one-twelfth  natural  size. 
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Fipire  1. — Dennal  plate  of  Stegoaaurua  ungulatia.  Marsh;  a.  siiperior  view;  6. 

side  view  ;   c.  iofprior  view. 
Kgure  2,— Dermnl  plate  of  same  animal;  o.  side  view;  ft.  end  view  of  base;  c. 

view  of  opposite  side ;  rf,  thin  murgin ;  e,  rugoau  bapo :  /  and  /',  aurfa™ 

marked  bj  vosciilar  grooves. 
Figure  X. — Dermal  plate  of  itiime  aoimal ;  a,  superior  aiirCace ;  6,  thick  basal 

rnai^D ;  c,  inferior  Biirtaee;  other  lettera  as  in  last  tiK'ire. 
All  the  figures  ani  one-twelfth  natural  nize. 
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Art.   XXXIL — Notice    of  Berihelo($    Thermo- Cliemistry ;  by 

J.  P.  Cooke,  Jr. 

The  new  work  of  M.  Berthelot,  entitled  "  Essai  de  M^an- 
ique  Chimique  fondle  sur  la  Thermo-chemie,"  presents  for  the 
first  time  in  a  systematic  form  the  results  accumulated  during 
the  past  ten  years  from  one  of  the  most  fruitful  fields  of  investi- 
gation ever  opened  to  the  chemist.  The  book  supplies  a  most 
important  want,  for  the  details  of  the  work — published  in 
numerous  separate  papers  rapidly  following  each  other  in 
the  chemical  journals — have  oeen  almost  unintelligible,  ex- 
cept to  those  who  have  followed  the  investigation  from  the 
banning,  and  no  connected  statement  of  the  general  prin- 
ciples involved  was  accessible  to  the  student.  The  work 
in  this  new  field  has  been  done  almost  wholly  by  two  investi- 
^tors,  Berthelot,  of  Paris,  and  Thomsen,  of  Copenhagen. 
Guided  by  diflFerent  theoretical  views,  these  skillful  experiment- 
ers have  gone  over  very  nearly  the  same  ground,  and  their 
united  testimony,  concurrent  as  it  is  in  most  cases,  gives  a 
certainty  to  the  results  obtained  which  is  as  fortunate  as  it  is 
unusual  when  the  field  explored  is  so  extensive  as  the  one  we  are 
considering.  These  two  men  alone  could  write  authoritatively 
on  the  subject,  and  it  is,  perhaps,  fortunate  that  the  first  pre- 
sentation should  come  from  M.  Berthelot,  who  has  the  usual 
skill  of  his  nation  in  exposition  and  generalization. 

In  bis  introduction,  Berthelot  enunciates  the  fundamental 
principles  of  thermo-chemistry  under  the  three  following  heads  : 
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Principle  of  Molecular  Work. 

L  The  quantity  of  heat  evolved  is  the  measure  of  the  sum 
of  the  chemical  and  physical  work  accomplished  in  any  reaction. 

Principle  of  Conservation  o/  Energy. 

IL  When  a  system  of  bodies — simple  or  compound — starting 
from  a  given  condition  undergoes  either  physical  or  chemical 
changes,  which  bring  it  into  a  new  condition  without  producing 
any  mechanical  effect  on  external  bodies,  the  amount  of  heat 
evolved  or  absorbed — as  the  total  result  of  these  changes — 
depends  solely  on  the  initial  and  final  states  of  the  system,  and 
is  the  same,  whatever  may  be  the  nature  or  order  of  the  inter- 
mediate states. 

Principle  of  Maximum  Work. 

ILL  In  any  chemical  reaction  between  a  system  of  bodies 
not  acted  on  by  external  forces,  the  tendency  is  toward  that 
condition  and  those  products  which  will  result  in  the  greatest 
evolution  of  heat 

The  first  two  of  these  principles  are  direct  deductions  from 
the  mechanical  theory  of  heat;  but  the  third  is  a  generalization, 
which  Berthelot  claims  as  original,  and,  if  so,  it  is  his  greatest  con- 
tribution to  this  department  of  the  science.  In  the  work  before 
us  the  two  first  principles  are  discussed  in  the  first  volume,  and 
this  discussion,  together  with  a  description  of  the  methods  of 
experimenting  and  an  enumeration  of  the  numerical  data  thus 
far  obtained,  fill  nearly  600  large  octavo  pages ;  while  the 
discussion  of  the  third  t)rinciple  occupies  a  second  volume 
which  is  still  larger.  We  will  follow  the  same  order  in  the 
few  remarks  which  the  limits  of  a  short  notice  permit. 

As  the  announcement  of  an  almost  axiomatic  principle  of 
thermo-dynamics,  which  every  investigation  of  thenno-chem- 
istry  necessarily  assumes,  the  first  of  these  general  principles 
has  an  appropriate  place  at  the  opening  of  a  discussion  of  the 
subject  In  regard  to  heat,  as  in  regard  to  other  manifestations 
of  energy,  the  total  effect  is  equal  to  the  sum  of  all  the  partial 
effects.  But  Berthelot  adds  to  his  statement  of  the  Principle  of 
Molecular  Work  the  remark — "This  principle  furnishes  the 
measure  of  chemical  affinities."  When,  however,  we  come  to 
his  discussion  of  this  general  principle,  we  are  disappointed  to 
find  that  the  whole  subject  is  summarily  dismissea  without 
giving  the  reader  any  clear  conception  of  the  distinction  be- 
tween the  two  modes  of  change  whose  results  are  so  inextricably 
blended  in  all  chemical  processes. 

Were  we  able  to  distinguish  between  chemical  and  physical 
change,  the  first  principle  would  undoubtedly  give  us  a  measure 
of  what  we  might  then  clearly  define  as  chemical  affinity  or 
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chemism.  Not  only,  however,  is  it,  at  present,  impossible  to 
eliminate  from  our  results  the  effects  of  physical  changes  ;  but, 
moreover,  when  we  study  the  details  of  the  chemical  processes 
with  which  we  are  most  familiar,  we  are  surprised  to  find  to 
what  a  large  extent  the  thermal  effect  depends  on  the  changes 
in  the  obviously  physical  condition  which  the  process  involves. 
For  example,  in  the  formation  of  hydrogen  gas  from  diluted 
sulphuric  acid  and  zinc,  the  passing  of  a  solid  into  a  liquid,  on 
the  one  hand,  and  the  development  of  a  gas  from  a  liquid,  on 
the  other,  involve  physical  changes  which  very  largely  control 
the  amount  of  heat  developed  in  the  process,  and,  therefore, 
also  according  to  the  third  principle,  control  the  process.  In- 
deed, as  is  well  known,  all  chemical  action  ceases  as  soon  as 
the  water  becomes  saturated  with  zino  sulphate,  although  a 
large  excess,  both  of  sulphuric  acid  and  of  zinc,  may  be  present 
But,  afler  making  all  allowances  for  the  potency  of  physical 
conditions,  it  would  undoubtedly  appear  from  the  present 
standpoint  of  Chemistry  that  there  mast  be  certain  differences 
of  qualities  inherent  in  the  atoms,  which  correspond  to  differ- 
ences of  chemical  affinity  and  which  are  important  factors  in 
determining  chemical  changes,  and  it  is  certainly  legitimate  to 
seek  to  measure  what  we  mav  call  the  relative  potential  of  the 
atoms  when  in  a  state  of  indefinite  expansion.  It  is  obvious, 
however,  from  Berthelot^s  discussion  of  the  subject,  that  we 
are,  as  yet,  far  from  realizing  such  a  result  In  fact,  the  only 
case  in  which  he  claims  that  we  measure  directly  the  heat  of 
chemical  action  independently  of  physical  changes  is  in  the 
well-known  reaction  H,-f  C1,=2H01,  which  is  attended  with 
the  evolution  of  22  units  of  heat  for  every  36*5  grams  of 
hydrochloric  acid  gas  formed.  Since  in  this  case  the  volume 
of  the  aeriform  compound  is  equal  to  the  sum  of  the  volumes 
of  the  two  elementary  gases  irom  which  the  compound  has 
been  formed,  and  since,  moreover,  there  has  been  no  essential 
change  in  the  specific  heat,  we  may  reasonably  infer  that  the 
heat  evolved  results  from  chemical  action  only.  But,  according 
to  the  theory  which  is  accepted  by  the  great  majority  of  chem- 
ists, this  chemical  action  is  by  no  means  so  simple  as  the  direct 
union  of  two  gas  volumes  would  seem  to  indicate ;  for,  as  our 
symbols  show,  the  process  implies  the  parting  of  the  similar 
atoms  which  are  united  in  the  molecules,  both  of  hydrogen  and 
of  chlorine  gases;  and,  unless  we  misinterpret  a  very  large 
number  of  facts,  this  separation  implies  the  expenditure  of  a 
no  inconsiderable  amount  of  mechanical  work,  and  may  imply 
a  change  of  physical  condition  as  well.  Berthelot,  in  common 
with  a  school  of  French  chemists,  rejects  the  modern  theory 
based  on  the  assumption  of  the  equal  molecular  volumes  of  all 
substances  when  in  the  state  of  gas,  and  uses  throughout  his 
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work  the  chemical  equivaleDts  of  the  older  chemistry  in  place 
of  the  atomic  weights  of  the  new.  At  the  same  time  he  accepts 
fully  the  mechanical  theory  of  heat  and  the  conceptions  of 
molecular  work  which  this  theory  impliea  To  those  who  con- 
sider that  Avogadro^s  Law,  and,  therefore,  the  modern  theory 
of  chemistry  are  direct  deductions  from  the  mechanical  theory 
of  heat,  this  course  seems  inconsistent,  and  this  inconsistency 
deprives  the  work  of  a  very  considerable  degree  of  simplicity 
which  might  otherwise  have  been  secured.  The  remarkable 
progress  made  in  organic  chemistry  during  the  last  twenty 
years  has  resulted  almost  wholly  from  the  circumstance  that 
the  investigators  have  worked  back  from  the  elementary  sub- 
stances to  the  elementary  atoms  and  discussed  the  various 
modes  in  which  these  atoms  might  be  grouped  in  the  mole- 
cules. In  the  same  way  in  thermo-chemistry  we  shall  find  no 
satisfactory  basis  until  we  go  back  likewise  to  the  atoms  and 
discuss  the  thermal  efi^ects  which  attend  their  union  or  their 
separation.  One  generalization  we  can  already  make  in  regard 
to  atomic  work  with  a  great  degree  of  certainty; — that  the 
union  of  atoms  is  attended  with  the  evolution  of  heat  and  the 
parting  of  the  same  atoms  in  the  same  associations  with  an 
equal  absorption  of  heat : — and  it  must  be  remembered  that,  as 
defined  by  modern  chemistry,  atoms  are  definite  masses  of 
matter,  so  that  in  enunciating  this  general  principle  we  refer 
to  a  palpable  effect  as  resulting  from  a  well-defined  process, 
entirely  independently  of  the  theoretical  views  we  may  nave  in 
regard  to  the  nature  of  the  chemical  atoms  or  of  the  modes  bj 
which  they  are  united  and  grouped  together.  The  general 
principle  just  stated  explains  a  great  many  facts  of  thermo- 
chemistry which  are  otherwise  anomalous  and  obscure.  It 
moreover  gives  us  the  basis  for  a  clear  theoretical  distinction 
between  a  chemical  and  a  physical  process,  the  first  consisting 
in  the  separation  or  union  of  atoms,  the  last  in  the  separation 
or  drawing  together  of  molecules.  It  is  true  that  the  distinc- 
tion here  drawn  is,  as  yet,  theoretical ;  but  the  theory  involved 
gives  us  a  basis  from  which  to  work,  and  this  is  enough  for  the 
present  The  problem  of  finding  what  we  have  called  the 
thermal  potential  of  the  atoms  is  not  more  remote  than  many 
problems  which  have  been  successfully  solved  in  organic  syn- 
thesis, and  it  is  in  this  direction,  as  it  seems  to  us,  that  we  can 
alone  expect  to  reach  a  measure  of  chemical  affinity.  It  may, 
indeed,  be  found  that  the  problem  cannot  be  solved  and 
attempts  to  solve  it  may  lead  to  results  which  will  modify  or 
supplant  our  present  theories.  It  mav  appear  that  the  differ- 
ence between  a  chemical  and  a  physical  process  is  one  of  degree 
and  not  of  kind  ;  but,  whatever  the  result  may  be,  there  can  be 
no  doubt  that  the  investigation  will  lead  to  lai^er  knowledge 
and  clearer  conceptions. 
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As  it  seems  to  us  the  priooiple  of  molecular  work  should 
be  supplemented  by  the  principle  of  atomic  work,  and  it  is 
certain  that  neither  clearness  of  conception  nor  definiteness  of 
statement  has  been  gained  by  the  obvious  attempt  to  avoid  the 
recognition  of  the  modern  theory  of  chemistnr. 

We  readily  accept  Berthelot^s  second  fundamental  principle 
of  thermo-chemistry  when  enunciated  as  above,  because  it  so 
obviously  falls  under  the  general  law  of  conservation  of  energy ; 
but  it  is  obvious  that  this  principle  could  not  have  been 
assumed  prior  to  its  experimental  verification,  any  more 
than  could  the  principle  of  the  conservation  of  mass,  prior  to 
the  experiments  of  Lavoisier,  and  as  Lavoisier  worked  out  this 
last  great  principle  with  the  balance,  so  Berthelot  and  Thomsen 
have  demonstrated  with  the  calorimeter  the  corresponding  fun- 
damental principle  of  thermo-chemistry,  which  must  be  regarded 
as  a  generalization  from  the  results  of  their  work.  Moreover, 
although  in  cases  of  simple  direct  combination  the  principle 
under  discussion  is  almost  self-evident,  and  has  been  long 
admitted,  yet,  before  the  investigations  of  Berthelot  and 
Thomsen,  no  chemist  conceived  of  its  application  in  the  very 
complex  and  indirect  reactions  by  which  the  greater  part 
of  the  thermo-chemical  data  have  been  obtained.  It  must  be 
remembered  that  very  few  processes  of  direct  chemical  combi- 
nation fulfill  the  conditions  which  an  accurate  measure  of  the 
EK^companying  thermal  change  involves,  and  a  vast  amount  of 
chemical  knowledge  and  ingenuity  has  been  shown  in  devising 
indirect  methods  by  which  the  results  could  be  reached.  The 
general  theory  of  these  indirect  methods  may  be  stated  thus : 
We  arrange  two  systems  of  reactions,  both  of  which  begin 
with  the  same  factors  in  the  same  conditions,  and  end  with  the 
same  product  in  the  same  conditions.  In  one  of  these  series  of 
reactions  there  must  be  no  process  whose  thermal  result — if  not 
already  known — cannot  be  measured  with  the  calorimeter.  In 
the  other  series  the  chemical  combination  or  decomposition, 
whose  thermal  effect  we  are  investigating,  enters  as  an  unknown 
term,  the  effect  of  the  other  chemical  changes  involved  being 
known  or  capable  of  measurement,  as  in  the  first  series.  It 
follows  now,  from  the  principle  we  are  discussing,  that  if  we 
subtract  the  sum  of  tne  quantities  measured  in  the  second 
series  from  the  sum  of  those  measured  in  the  first  series  we 
shall  have  the  value  of  the  unknown  quantity.  An  example 
will  make  the  method  more  intelligible. 

It  is  required  to  determine  the  heat  evolved  when  aluminum 
combines  with  bromine  to  form  Al,Br,,  and  in  the  following 
scheme  we  assume,  as  is  usual  in  this  subject,  that  thechemi- 
cal  sN^mbols  stand  for  a  number  of  grams  corresponding  to 
the  atomic  weight,  and  that  the  amount  of  heat  is  expressed  in 
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gram  anits.     Two  series  of  reactions  may  now  be  arranged 
so  as  to  fulfill  the  conditions  we  have  assumed — 

First  Series, 

K  +Br,  (gas)  +  Aq=  (6KBr+ Aq)  670,000  units. 

A1,+C1  =A1,C1,  321,800  units. 

A1,C1,  dissolved  in  (6KBr+Aq)  162,000  units. 

1,048,800  units. 

Second  Series, 

K  +C1,+ Aq=  (6Ka+Aq)  604,800  units. 

Al,+Br,^Al,Br  x  units. 

Al,Br,  dissolved  in  (6KC1+Aq)  178,800  units. 

778,600  units. 

X  +  778,600  =  1,043,800.     x  =  266,200. 

In  studying  these  two  series  of  reactions  it  will  be  evident 
that  we  begin  in  each  case  with  the  same  amounts  of  the  same 
elementary  substances,  namely:  K^  Al,,  Br^  CI,,  and  that  we 
end  with  aqueous  solutions  in  the  same  condition.  Hence, 
the  total  amount  of  heat  evolved  in  each  of  the  two  series 
must  be  the  same,  and  we  can  at  once  deduce  the  value  of  the 
only  unknown  quantity.  In  this  determination  the  only  quan- 
tities which  had  to  be  measured  at  the  time  were  the  heat  of 
solution  of  aluminic  chloride  in  an  aqueous  solution  of  potassic 
bromide,  on  the  one  hand,  and  the  heat  of  solution  of  aluminic 
bromide  in  an  aqueous  solution  of  potassic  chloride,  on  the 
other,  using,  of  course,  equivalent  quantities  in  each  case. 
The  other  values  given  had  previously  been  determined  by 
indirect  methods,  and  it  can  easily  be  seen  that  the  investiga- 
tion displays  not  only  a  great  command  of  knowledge  but  also 
a  great  fertility  of  invention,  and  yet  this  is  a  comparatively 
simple  case. 

As  deductions  from  the  general  principle  of  the  conservation 
of  energy,  Berthelot  gives  a  large  number  of  theorems  which 
serve  to  illustrate  the  extent  and  variety  of  its  application  to 
the  study  of  the  thermal  changes  which  accompany  chemical 
reactions.     We  give  two  as  examples : 

Theorem  IIL — In  two  series  of  reactions  starting  from  differ- 
ent initial  conditions,  but  ending  in  the  same  final  state,  the  differ- 
ence in  the  quantities  of  heat  evolved  is  equal  to  that  which  would  be 
evolved  in  passing  from  one  of  the  initial  states  to  the  other. 

This  theorem  enables  us  to  determine  very  simply  the 
amount  of  heat  evolved  in  the  formation  of  the  definite  hydrates, 
although  it  would  be  very  difficult  if  not  impossible  to  form 
these  substances  with  a  definite  composition  in  the  calorimeter. 
Thus,  to  determine  the  heat  evolved  in  the  reaction  SO,  + 
H,0  =  H,SO^,  we  have  only  to  dissolve  in  one  experiment  SO, 
and  in  another  H^0«  in   a  comparatively  large  amount  of 
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water  when  the  difference  in  the  heat  evolved  in  the  two  cases 
will  be  the  quantity  reqaired.  So,  also,  the  heat  of  forma- 
tion of  a  hydrocarbon  may  be  determined  by  comparing  the 
heat  of  combustion  of  the  compound  with  the  heat  of  combus- 
tion of  the  hydrogen  and  carbon  of  which  it  consists.  Thus 
the  heat  of  combustion  of  acetylene  C,H,  (26  grams)  has  been 
directly  measured  and  is  equal  to  821,000  units,  while  the  heat 
of  combustion  of  C,  (24  grams)  plus  the  heat  of  combustion  of 
H,  (2  grams)  only  amounts  to  267,000  unit&  Hence,  it  is  evi- 
dent that  in  the  formation  of  26  grams  of  acetylene  64,000  units 
are  absorbed.  Acetylene,  indeed,  belongs  to  a  class  of  com- 
pounds whose  formation  is  attended  with  the  absorption  of 
heat  This  class  of  compounds  which  have  a  special  interest 
in  thermo-chemistrv  are  said  to  be  endothermous,  while  by  far 
the  larger  class  of  compounds  whose  formation  is  attended 
with  an  evolution  of  heat  are  said  to  be  exothermoua 

Theorem  VL —  When  a  compound  gives  up  one  of  its  elements 
to  another  lody^  the  heat  evolved  in  the  reaction  is  the  difference 
between  the  heat  of  formation  of  the  first  compound  and  that  of  the 
resulting  product. 

Thus,  when  an  aqueous  solution  of  chlorine  is  used  as  an 
oxidizing  agent,  for  every  eighteen  grams  of  water  decopiposed 
9,600  units  of  heat  are  evolved,  and  this  amount  is  the  aiffer- 
ence  between  the  heat  of  formation  of  H,0  and  2HC1.  As  can 
easily  be  seen,  the  same  theroem  applies  to  the  problem  pre 
sented  by  explosive  agents  of  various  kinds  and  simplifies  the 
solution  to  a  remarkable  extent 

These  few  illustrations  will  serve  to  give  a  general  idea  of  the 
mode  of  investigation  in  this  new  field  of  thermo-chemistry, 
but  they  are  wholly  inadequate  to  show  either  the  extent  of 
the  field  or  the  great  skill  with  which  it  has  been  cultivated. 
We  must  reserve  for  another  number  a  notice  of  some  very 
interesting  relations  which,  under  his  third  fundamental  prin- 
ciple, Berthelot  discusses  in  the  second  volume  of  his  great 
work. 

[To  be  continued.] 
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Art.  XXXIIL — The  History  of  some  Pre-Oambrian  Bocks  in 
America  and  Europe  ;  by  T.  Sterry  Hunt,  LL.D.,  P.RS. 

[Read  before  the  American  Association  for  the  Adyanoement  of  Science  at 

Saratoga,  September  1,  1879.] 

L  Introduction 

One  of  the  earliest  distinctions  in  modem  geology  was  that 
between  the  crystalline  or  so-called  Primary  strata,  and  those 
which  are  found  in  many  cases  to  have  been  deposited  upon 
them,  and  being  in  part  made  up  of  sediments  derived  from  the 
disintegration  of  these,  were  designated  Transition  and  Second- 
ary rocka  While  the  past  forty  years  have  seen  great  pro- 
gress in  our  knowledge  of  these  younger  rocks,  and  while  tneir 
stratigraphy,  the  conditions  of  their  deposition,  and  their  geo- 
graphical distribution  and  variations  have  been  carefully  in- 
vestigated, the  study  of  the  older  rocks  has  been  comparatively 
neglected.  This  has  been  due  in  part  to  the  inherent  difficul- 
ties of  the  subject,  arising  from  the  general  absence  of  organic 
remains,  and  from  the  highly  disturbed  condition  of  the  older 
strata,  but  in  a  greater  measure,  perhaps,  to  certain  theoretical 
views  respecting  the  stratified  crystalline  rocka  In  fact,  the 
unlike  teachings  of  two  different  and  opposed  schools  lead  to 
the  common  conclusion  that  the  geognostical  study  of  these 
rocks  is  unprofitable. 

The  first  of  these  schools  maintains  that  the  rocks  in  ques- 
tion are,  in  great  part  at  least,  not  subordinated  to  the  same 
structural  laws  as  the  uncrystalline  formations,  but  are  por- 
tions of  the  original  crust  of  the  earth,  and  that  their  archi- 
tecture is  due  not  to  aqueous  deposition  and  subsequent  me- 
chanical movements,  but  rather  to  agencies  at  work  in  a 
cooling  igneous  mass.  The  igneous  origin  of  gneisses,  petro- 
silex-porphyries,  diorites,  serpentines,  and  even  of  magnetic 
and  specular  iron-ores  was  held  and  taught  almost  universally 
by  our  geologists,  a  generation  since,  and  has  still  its  avowed 
partisans ;  some  maintaining  that  these  various  crystalline 
rocks  are  portions  of  the  first-formed  crust  of  the  planet,  while 
others  imagine  them  to  be  volcanic  matters  extravasated  at 
more  recent  dates  ;  in  either  case,  however,  more  or  less  modi- 
fied by  supposed  metasomatic  processes.  By  the  term  metas- 
omatosis  are  conveniently  designated  those  changes  which  are 
not  simply  internal  (diagenesis),  but  are  effected  from  without, 
as  a  result  of  which  the  chemical  elements  of  the  original  rock 
are  supposed  to  be  either  wholly  or  in  part  replaced  by  others 
from  external  sources  (epigenesis). 

The  other  school,  to  which  allusion  has  been  made,  and 
which,  not  less  than  the  preceding,  has  helped  to  discourage,  in 
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the  writer's  opinion,  the  intelligent  geognostical  study  of  the 
crystalline  stratiform  rocks^  is  that  which  believes  them  to  be, 
in  great  part  at  least,  the  result  of  chemical  changes,  often  me- 
tasomatic  in  their  nature,  which  have  been  effected  in  paleozoic 
and  more  recent  sedimentary  beds,  obliterating  their  organic 
remains,  and  transforming  them  into  crystalline  strata.  Ac- 
cording to  this  view,  feldspathic,  hornblendic,  and  micaceous 
stratiform  crystalline  rocks,  having  similar  mineralogical  and 
lithological  characters,  may  belong  to  widely  separated  geo- 
log[ical  periods ;  while  the  same  geological  series  may,  in  one  part 
of  its  distribution,  consist  of  uncrystalline  siliceous,  calcareous, 
and  argillaceous  fossiliferous  sediments,  and  in  another  locality, 
not  far  remote,  be  found,  as  the  result  of  subsequent  changes 
effected  in  these  strata,  transformed  into  gneiss,  hornblende- 
schist  or  mica-schist,  by  what  is  vaguely  designated  as  meta- 
morphism. 

Tne  recent  history  of  geology  abounds  in  striking  illustra- 
trations  of  the  fact  that  in  a  great  number  of  cases  these  views 
have  been  based  on  misconceptions  in  stratigraphy,  and  without 
entering  into  the  discussion  of  the  question,  it  may  be  said 
tbat^  in  the  writer's  opinion,  careful  stratigraphical  study  will,  in 
all  cases,  suffice  to  show  the  error,  both  of  the  plutonic  and 
the  metamorphic  hypothesis  of  the  origin  of  crystalline  rocks. 
The  former  is  supported  chiefly  by  the  lithological  resem- 
blances between  certain  stratified  andunstratified  rocks,  and  by 
the  appearances  of  stratification  occasionally  found  in  these ; 
while  the  latter  is  sustained  by  the  analogies  offered  in  cases  of 
local  hydro-thermal  action  on  sediments,  and  by  the  resem- 
blances which  recomposed  materials  frequently  offer  to  their 
parent  crystalline  rocks.  It  is  here  maintained  that  the  great 
formations  of  stratiform  crystalline  feldspathic,  hornblendic  and 
micaceous  rocks,  which,  in  various  parts  of  the  world,  have  been 
alternately  described  as  plutonic  masses,  and  as  metamorphosed 
paleozoic,  mesozoic  or  cenozoic  strata  are,  in  all  cases,  neptunean 
rocks,  pre-Cambrian  or  preSilurian  in  age,  and  that  we  know 
of  no  uncrystalline  sediments  which  are  their  stratigraphical 
equivalents. 

We  have  then  before  us  two'schools,  the  one  maintaining  the 
secondary  origin  of  a  great,  and,  by  them,  undefined  portion  of 
the  crystalline  stratiform  rocks,  while  assigning  to  certain  older 
(pre-Ciambrian)  crystalline  rocks  (of  which  they  admit  the  ex- 
istence), either  a  neptunean  or  a  plutonic  origin.  The  other, 
or  plutonist  school,  while  asserting  the  plutonic  derivation  of 
the  greater  part  of  the  crystalline  formations,  accepts,  to  some 
extent,  also,  the  notion  of  secondary  and  neptunean  metamor- 
phic schists.  It  is  believed  that  the  above  concise  statements 
cover  the  ground  held  by  the  hitherto  prevailing  neptunean 
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and  platonist  schools,  neither  of  which,  it  is  maintained,  ex- 
presses correctly  the  present  state  of  oar  knowledge.  In  oppo- 
sition to  both  of  these  are  the  views  taoght  for  the  last  twenty 
years  by  the  writer,  and  now  accepted  by  many  geologists, 
which  may  be  thus  defined : — 

IsL  All  gneisses,  petrosilexes,  hornblendic  and  micaceous 
schists,  olivmes,  serpentines,  and  in  short,  all  silicated  crystal- 
line stratified  rocks,  are  of  neptunean  origin,  and  are  not  prima- 
rily due  to  metamorphosis  or  to  metasomatosis  either  oi  ordi- 
nary aqueous  sediments  or  of  volcanic  materials. 

2cL  The  chemical  and  mechanical  conditions  under  which 
these  rocks  were  deposited  and  crystallized,  whether  in  shallow 
waters,  or  in  abyssal  depths  (where  pressure  greatly  influences 
chemical  affinities)  have  not  been  reproduced  to  any  great  ex- 
tent since  the  banning  of  paleozoic  time. 

ScL  The  eruptive  rocKs,  or  at  least  a  large  part  of  them,  are 
softened  and  displaced  portions  of  these  ancient  neptunean 
rocks,  of  which  they  retain  many  of  the  mineralogical  and  lith- 
ological  characters. 

IL  Thb  ELurroBT  of  Pbb-Gambriak  Rocks  in  Ambbica. 

Coming  now  to  the  history  of  our  knowledge  of  American 
crystalline  rocks,  we  find  that  the  lithological  characters  of  the 
Primary  gneissic  formation  of  northern  New  York  were  known 
to  Maclure  in  1817,  and  were  clearly  defined  in  1882,  by  Eaton, 
who,  under  the  name  of  the  Macomb  Mountains,  described 
what  have  since  been  called  the  Adirondacks,  and  moreover 
distinguished  them  from  the  Primary  rocks  of  New  England. 
Emmons,  in  1842,  added  much  to  our  lithological  knowledge 
of  the  crystalline  rocks  of  northern  New  York,  but  regarded 
the  gneisses,  with  their  associated  limestones,  serpentines  and 
iron-ores,  as  all  of  plutonic  origin.  Nuttall,  who  had  previously 
studied  the  similar  rocks  in  the  Highlands  of  southern  New 
York  and  New  Jersey,  had,  however,  maintained,  as  early  as 
1822,  that  these  had  resulted  from  an  alteration  of  the  adjacent 
paleozoic  gray wackes  and  limestones,  into  which  he  supposed 
them  to  graduate.  This  view  was,  at  the  time,  opposed  by 
Vanuxem  and  Keating,  but  was  again  set  forth  in  1848,  hj 
Mather,  who,  while  admitting  the  existence  of  an  older  or  Pn- 
mary  series  of  crystalline  rocks,  conceived  a  great  part  of  these 
rocks  in  southern  New  York  to  be  altered  paleozoic,  and  distin- 
guished them  as  Metamorphic  rocks.  To  this  latter  class  he 
referred  all  the  crystalline  stratified  rocks  of  New  England, 
and  ended  by  doubting  whether  a  great  part  of  what  he  had 
described  as  Primary  was  not  to  be  included  in  his  Metamo^ 
phic  class.    The  subsequent  labors  of  KitcheU  and  of  Cooke 
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lave  however  clearly  established  the  views  of  Vanuxem  and 
Sweating  as  to  the  f^rimary  a^e  alike  of  the  gneisses  and  the 
crystalline  limestones  of  the  Highlands. 

The  similar  gneissic  series  in  Canada,  which  was  known  to 
Bigsby  and  to  Eaton  as  an  extension  of  that  of  northern  New 
STork,  was  noticed  by  Murray  in  1848,  and  by  Logan  in  1847, 
as  pre-paleozoic,  though  apparently  of  sedimentaiy  origin,  and 
hence,  according  to  them,  entitled  to  be  called  Metamorphic 
rather  than  Primary.  It  was  described  by  Logan  in  1847,  as 
Donsisting  of  a  lower  group  of  hornblendic  gneisses,  without 
limestones,  and  an  upper  group  of  similar  gneisses,  distin- 
guished by  interstratin^  crystalline  limestones. 

These  rocks  were  found  by  Logan  and  by  Murray  to  be  over- 
laid both  on  Lake  Superior  and  in  the  valley  of  the  upper  Ot- 
tawa by  a  series  consisting  of  chloritic  and  epidotic  schists,  with 
bedded  greenstones,  and  with  conglomerates  holding  pebbles 
derived  from  the  ancient  gneiss  below.  The  same  overlying 
series  had,  as  early  as  1824,  been  described  by  Bigsby  on  Lake 
Superior,  and  by  him  distinguished  from  the  Primary  and 
classed  with  Transition  rocks. 

Labradoritic  and  hypersthenic  rocks  like  those  previously 
described  by  Emmons  in  the  Primary  region  of  northern  New 
York,  were,  in  1858  and  1864,  discovered  and  carefully  studied 
in  the  Laurentide  hills  to  the  north  of  Montreal,  when  they 
were  described  as  being  gneissoid  in  structure,  and  as  inter- 
stratified  with  true  gneisses  and  with  crystalline  limestones. 
In  1864,  the  writer,  in  concert  with  Logan,  proposed  for  the 
ancient  crystalline  rocks  of  the  Laurentide  Mountains,  includ- 
ing the  lower  and  upper  gneissic  groups  already  mentioned, 
and  the  succeeding  labradoritic  rocks  (but  excluding  the  chlo- 
ritic and  greenstone  series),  the  name  of  Laurentian.  In  an 
essay  by  the  writer,  in  1866,  the  oldest  gneisses  of  Scotland 
and  of  Scandinavia,  were,  on  lithological  and  on  stratigraphical 
grounds,  referred  to  the  Laurentian  series,  and  at  the  same 
time  the  name  of  Huronian  was  proposed  for  the  chloritic  and 
greenstone  series,  which  had  been  shown  to  overlie  unconform- 
ably  the  Laurentian  in  Canada. 

Previous  to  this,  in  1861,  Foster  and  Whitney  had  described 
the  Laurentian  and  Huronian  rocks  of  Lake  Superior  as  consti- 
tuting one  Azoic  system  of  Metamorphic  rocks,  with  granites, 
porphyries  and  iron-ores,  of  igneous  origin  ;  and  in  1867,  Whit- 
ney attacked  the  two-fold  division  adopted  bjr  the  Canadian 
geological  survey,  maintaining  that  the  stratified  crystalline 
rocks  of  the  region  belong  to  a  single  series,  with  a  granitic 
nucleus.  The  observations  of  Kimball  in  1866,  and  the  later 
studies  of  Credner,  of  Brooks  and  Pumpelly,  and  of  Irving, 
have,  however,  all  confirmed  the  views  of  the  Canadian  survey 
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as  to  the  relations  of  the  Laurentian  and  Haronian  in  this  re- 
gion. 

The  Primary  age  of  the  Highlands  of  southern  New  York, 
and  their  extension  in  what  is  called  the  South  Mountain,  as  far 
as  the  Schuylkill,  was  now  unquestioned,  but  the  crystalline 
rocks  to  the  east  of  this  range,  while  regarded  by  Eaton  and 
by  Emmons,  as  also  forming  a  part  of  the  Primary,  were,  by 
Mather,  as  we  have  already  seen,  supposed  to  be  altered  paleo- 
zoic strata.  These  rocks  in  New  England,  with  the  exception 
of  the  quartzites  and  limestones  of  the  Taconic  range,  were  by 
him  assigned  to  a  horizon  above  the  Trenton  limestone  of  the 
New  York  system,  and  portions  of  them  were  conjectured  by 
other  geologists,  who  adopted  and  extended  the  views  of  Mather, 
to  be  of  Devonian  aga 

The  characteristic  crystalline  schists  of  New  England  and 
southeastern  New  York,  passing  beneath  the  Mesozoic  of  New 
Jersey,  re-appear  in  southeastern  Pennsylvania,  where  they  were 
studied  and  finally  described  by  H.  D.  Sogers  in  1858.  Ac- 
cording to  him  these  crystalline  schists,  while  resting  uncon- 
formably  upon  an  ancient  (Hypozoic)  gneissic  system,  were 
themselves  more  ancient  than  the  Scolithus-sandstone,  which 
he  regarded  as  the  equivalent  of  the  Potsdam.  While  he  sup- 
posed these  newer  crystalline  schists,  called  by  him  Azoic,  to  be 
connected  stratigraphically  with  the  base  of  the  Paleozoic  series, 
he  nevertheless  assigned  them  to  a  position  below  the  base  of 
the  New  York  system  ;  thus  recognizing  in  Pennsylvania,  below 
this  horizon,  two  unconformable  groups  of  crystalline  rocks, 
corresponding  stratigraphically,  as  well  as  lithologically,  with 
the  Laurentian  and  the  Huronian  of  the  Lake  Superior  region. 

The  existence  among  these  newer  crystalline  schists  of  Penn- 
sylvania, of  a  series  distinct  from  the  Huronian,  and  represent- 
ing the  White  Mountain  or  Montalban  rocks  (the  Philadelphia 
and  Manhattan  gneissic  group),  had  not  then  been  recognized. 
Rogers  at  this  time  taught  the  igneous  origin  of  the  magnetic 
iron-ores,  the  quartz  veins,  the  serpentines  and  their  associated 
greenstones  in  this  region.  The  belief  entertained  by  Rogers 
of  an  intimate  connection  between  his  upper  or  Azoic  series 
and  the  Paleozoic,  had  its  origin  apparently  in  the  fact  of  the 
existence  in  this  region  of  still  another  and  a  newer  crystalline 
series,  the  Lower  Taconic  of  Emmons,  or  the  Itacoluraite  group 
of  Lieber,  which  I  have  designated  Taconian,  and  propose  to 
consider  in  detail  in  a  future  paper.  In  it  are  included  the 
iron-ores  of  Reading,  Cornwall  and  Dillsburg,  in  Pennsylvania. 

The  views  of  H.  D.  Rogers  with  regard  to  the  crystalline 
schists  of  the  Atlantic  belt  were  thus,  in  effect,  if  not  in  terms, 
a  return  to  those  held  by  Eaton  and  by  Emmons,  but  were  in 
direct  opposition  to  that  maintained  by  Mather,  which  had  been 
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adopted  by  Logan,  and  by  the  present  writer.  The  belt  of  mi- 
caceous, chloritic,  talcose  and  epidotic  schists,  with  greenstones 
and  serpentines,  the  extension  of  a  part  of  the  Azoic  of  Rogers, 
which,  through  western  New  England,  is  traced  into  Canada 
(where  it  has  been  known  as  the  Green  Mountain  range),  was 
previous  to  186i,  called  by  the  geological  survey  of  Canada, 
Altered  Hudson-River  group.  It  was  subsequently  referred  to 
the  Upper  Taconic  of  Emmons,  to  which  Logan,  at  that  date, 
gave  the  name  of  the  Quebec  group,  assigning  it,  as  had  long 
before  been  done  by  Emmons  (in  1846)  to  a  horizon  between 
the  Potsdam  and  the  Trenton  of  the  New  York  system. 

■  In  1862  and  1863  appeared,  independently,  two  important 
papers  bearing  on  the  question  before  us  as  to  the  age  of  these 
rocks.  The  firat  of  these,  was  by  Thomas  Macfarlane,  who, 
afler  a  personal  examination  of  the  three  regions,  compared  the 
Huronian  of  Lake  Huron  and  the  Green  Mountain  range  of 
Canada,  with  portions  of  the  Urschiefer  or  Primitive  schists 
which,  in  Norway,  intervene  between  the  ancient  gneisses  and 
the  oldest  Paleozoic  (Lower  Cambrian^  strata.  The  second 
paper  was  by  Bigsby,  who  was,  as  we  nave  seen,  the  earliest 
student  of  the  Huronian  in  the  northwest,  pointing  out  that 
these  rocks  could  not  in  any  sense  be  called  Cambrian,  but 
were  the  equivalents  of  the  Norwegian  Urschiefer.  The  con- 
clusions of  Macfarlane  were  noticed  in  connection  with  the 
views  of  Keilhau  on  these  rocks  of  Norway  in  "  The  Geology 
of  Canada"  in  1863,  with  farther  comparisons  between  the  New 
England  crystalline  schists  and  the  Huronian,  but  official  rea- 
sons then,  and  for  some  years  after,  prevented  the  writer  from 
expressing  any  dissent  from  the  views  of  the  director  of  the 
geological  survey  of  Canada. 

Meanwhile,  the  existence  of  an  equivalent  series  of  crystal- 
line schists  was  being  made  known  in  southern  New  Brunswick, 
where  they  were  described  by  G.  F.  Matthews  in  1863,  under 
the  name  of  the  Coldbrook  group,  which  included  a  lower  and 
an  upper  division.  In  a  joint  report  of  Matthews  and  Bailey 
in  1865,  these  rocks  were  declarea  to  be  overlaid  unconforma- 
bly  by  the  slates  in  which  Hartt  had  made  known  a  Lower 
Cambrian  (Menevian)  fauna,  and  were  compared  with  the  Hu- 
ronian of  Canada.  The  lower  division  of  the  Coldbrook  was 
then  described  as  including  a  large  amount  of  pink  feldspathic 
quartzite  and  of  bluish  and  reddish  porphyritic  slates.  In  the 
same  report  was  described,  under  the  name  of  the  Bloomsbury 
group,  a  series  lithologically  similar  to  the  Coldbrook,  but  ap- 
parently resting  on  the  Menevian,  and  overlaid  by  fossiliferous 
Upper  Devonian  beds,  into  which  it  was  supposed  to  grad- 
uate. The  Bloomsbury  group  was  therefore  regarded  as  altered 
Upper  Devonian,  and  its  similarity  to  the  pre-Cambrian  Cold- 
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brook  was  explained  by  supposing  both  groups  to  consist  in 
large  part  of  volcanic  rocks. 

In  1869  and  1870,  however,  the  writer,  in  company  with  the 
gentlemen  just  named,  devoted  many  weeks  to  a  jMireful  study 
of  these  rocks  in  southern  New  Brunswick,  when  it  was  made 
apparent  that  the  Bloomsbury  group  was  but  a  repetition  of 
the  Cold  brook  on  the  opposite  side  oi  a  closely  folded  synclinal 
holding  Menevian  sediments.  These  two  areas  of  pre-Cambrian 
rocks  were  accordingly  described  by  Messrs.  Matthews  and 
Bailey  in  their  report  to  the  geological  survey  of  Canada  in 
1871,  as  Huronian,  in  which  were  also  included  the  similar 
crystalline  rocks  belonging  to  two  other  areas,  which  had  been 
previously  described  by  the  same  observers  under  the  names  of 
the  Kingston  and  Coastal  groups,  and  by  them  regarded  as 
respectively  altered  Silurian  and  Devonian. 

After  studying  the  Huronian  rocks  in  southern  New  Bruns- 
wick, and  their  continuation  along  the  eastern  coast  of  New 
England,  especially  in  Massachusetts  (where,  also,  they  are  over- 
laid by  Menevian  sediments),  the  writer  in  18^0,  announced 
his  conclusion  that  the  crystalline  schists  of  these  r^ons  are 
lithologically  and  stratigraphically  equivalent  to  those  of  the 
Green  Mountain  range  of  western  New  England  and  eastern 
Canada.  These,  he  further  declared,  in  1871,  to  be  a  prolong- 
ation of  the  newer  crystalline  or  Azoic  schists  of  Bogers  m 
Pennsylvania,  and  the  equivalents  of  the  Huronian  of  the 
northwest.  The  pre-Cambrian  age  of  these  crystalline  schists  in 
eastern  Canada  has  now  been  clearly  proved  by  the  presence  of 
their  fragments  in  the  fossiliferous  Cambrian  strata  in  many 
localities  along  the  northwestern  border  of  the  Green  Mountain 
belt,  and  farther  by  the  recent  stratigraphical  studies  of  Selwyn, 
as  announced  by  him  in  1878. 

In  close  association  with  these  Huronian  strata  in  eastern 
Massachusetts  is  found  a  great  development  of  petrosilex  rocks, 
generally  either  jaspery  or  porphyritic  in  character,  and  some- 
times fissile,  which,  by  Edward  Hitchcock  were  regarded  as 
igneoUvS.  These  were  found  to  be  identical  with  the  rocks  des- 
ignated by  Matthews  and  Bailey,  feldspathic  quartzites  and 
siliceous  and  porphyritic  slates,  which  form  the  chief  part  of 
the  Lower  Coldbrook  or  inferior  division  of  the  Huronian  series 
in  New  Brunswick.  The  petrosilexes  of  Massachusetts  were, 
after  careful  examination  by  the  writer,  described  by  him  in 
1870,  and  in  1871,  as  indigenous  stratified  rocks  forming  a  part 
of  the  Huronian  series.  He  subsequently,  in  1871,  studied  the 
similar  rocks  in  southeastern  Missouri,  and,  in  1872,  on  the 
north  shore  of  Lake  Superior,  but  was  unable  to  find  them  in 
the  Green  Mountain  belt,  or  in  its  southward  continuation, 
until,  in  1875,  he  detected  them  occupying  a  considerable  area 
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in  the  Soath  Mountain  range  in  southern  Pennsylvania.  The 
stratified  petrosilex  rocks  of  all  these  regions  were  described  in 
a  communication  to  this  Association,  in  1876,  as  apparently 
corresponding  to  the  hdUeflinta  rocks  of  Sweden,  and,  baving 
in  view  their  stratigraphical  position  both  in  that  country  and 
in  New  Brunswick,  they  were  then  ** provisionally  referred'' 
*'  to  a  position  near  the  base  of  the  Huronian  series."  Their 
absence  in  the  Huronian  belt  in  western  New  England,  and  in 
the  province  of  Quebec,  as  well  as  at  several  observed  points 
of  contact  between  the  Laurentian  and  the  well-defined  Huro- 
nian in  the  northwest,  led  to  the  suspicion  that  these  halleflintas 
might  belong  to  an  intermediate  seriea 

C.  H.  Hitchcock  has  pointed  out  that  the  characteristic  Hu- 
ronian rocks  do  not  form  the  higher  parts  of  the  Green  Moun- 
tain range  in  Vermont,  which  he  conceives  to  belong  to  an 
older  gneissic  series,  a  conclusion  which  the  writer  regards  as 
prematura  Hitchcock,  however,  in  his  final  report  on  the  ge- 
ology of  New  Hampshire,  in  1877,  adopts  the  name  of  Huro- 
nian for  the  crystalline  rocks  of  the  Altered  Quebec  group  of 
Logan,  which  makes  up  the  chief  part  of  the  Green  Mountain 
range  in  Quebec,  is  largely  developed  along  it  in  Vermont,  and 
appears  in  a  parallel  range  farther  east,  which  extends  southward 
into  New  Hampshire.  In  his  tabular  view  of  the  geognostical 
groups  in  this  otate,  Hitchcock  assigns  to  these  rocks  a  thick- 
ness of  over  12,000  feet,  with  the  name  of  Upper  Huronian; 
while  he  designates  as  Lower  Huronian  the  petrosilex  series  of 
eastern  Massachusetts,  already  noticed,  where  these  rocks  are 
of  great,  though  undetermined,  thickness.  The  similar  petro- 
silex or  halleninta  rocks  in  Wisconsin,  where  they  have  lately 
been  described  by  Irving  as  Huronian,  have,  according  to  this 
observer, -a  thickness  in  a  single  section,  of  3,200  feet.  They 
here  sometimes  become  schistose,  and  are  interbedded  with 
unctuous  schists,  and  rest  in  apparent  conformity  upon  a  great 
mass  of  Quartzite.  The  general  high  inclination  both  of  this 
series  ana  of  the  typical  Huronian,  renders  the  determination 
of  their  thickness  difficult.  The  maximum  thickness  of  the 
Huronian  (excluding  the  petrosilex  series)  to  the  south  of  Lake 
Superior,  may,  according  to  Major  Brooks,  exceed  12,000  feet, 
while  the  estimates  of  Credner  and  Murray,  respectively,  for 
this  region,  and  for  the  north  shore  of  Lake  Huron,  are  20,000 
and  18,000  feet. 

As  regards  the  Laurentian,  there  exists  a  certain  confusion 
of  nomenclature  which  requires  explanation.  As  originally 
described,  it  includes,  as  already  said,  a  basal  granitoid  gneiss 
without  limestones,  which  the  writer  has  elsewhere  designated 
the  Ottawa  gneiss,  and  of  which  the  thickness  is  necessarily 
uncertain.    Succeeding  this  is  the  Grenville  series  of  Logan, 
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haying  for  its  base  a  great  mass  of  crystalline  limestone,  and 
consisting  in  addition  to  this  of  gneisses,  generally  hornblendic, 
and  qaartzites,  interstratified  with  similar  limestones.  To  this 
series,  as  displayed  north  of  the  Ottawa,  Logan  assigned  an  ag- 
gregate thickness  of  over  17,000  feet,  though  the  later  meas- 
urements of  Vennor,  in  the  region  south  of  the  Ottawa,  give  to 
it  a  much  greater  volume.  The  geographical  distribution  of 
this  limestone-bearing  Grenville  series  gives  probability  to  the 
suggestion  of  Vennor  that  it  rests  unconformably  upon  the 
basal  Ottawa  gneiss. 

These  two  divisions  constitute  what  was  designated  by  Logan, 
in  his  Geological  Atlas,  in  1865,  the  Lower  Laurentian,  the  name 
of  Upper  Laurentian  or  Labradorian  being  then,  for  the  first  time 
given  by  him  to  a  series  supposed  to  overlie  unconformably  the 
former,  of  which  it  had  hitherto  been  regarded  as  constituting 
a  part.  This  third  division  has  already  been  referred  to  as 
characterized  by  the  predominance  of  great  bodies  of  gneissoid 
or  granitoid  rocks,  composed  chiefly  of  labradorite  or  related 
anorthic  feldspars,  and  apparently  identical  with  the  norites  of 
Scandinavia.  With  these  basic  rocks  are  interstratified  crystal- 
line limestones,  quartzites  and  gneisses,  all  of  which  resemble 
those  of  the  Grenville  series.  This  upper  group,  for  which  the 
writer  in  1871  proposed  the  name  of  Norian,  was  supposed  by 
Logan  to  be  not  less  than  10,000  feet  thick. 

For  farther  details  of  the  history  of  these  various  groups  of 
pre-Cambrian  rocks,  and  their  distribution  in  North  America, 
the  reader  is  referred  to  a  volume  published  in  1878  by  the 
Second  Geological  Survey  of  Pennsylvania,  being  Part  I  of  the 
writer's  report  on  Azoic  Rocks,  intended  as  an  historical  intro- 
duction to  the  subject 

IIL — The  Histoey  op  Pre-Cambrian  Rocks  in  Great  Britain. 

In  an  address  before  this  Association  in  1871,  in  which  the 
writer  maintained  the  Huronian  age  of  a  portion  of  the  crys- 
talline schists  of  New  England  and  Quebec,  he  further  ex- 
pressed the  opinion,  based  in  part  upon  his  examinations  at 
Holyhead  in  1867,  and  in  part  upon  the  study  of  collections  in 
London,  that  certain  crystalline  schists  in  North  Wales  would 
be  found  to  belong  to  the  Huronian  series.  The  rocks  in 
question  were  by  Sedgwick,  in  1838,  separated  from  the  base 
of  the  Cambrian,  as  belonging  to  an  older  series,  but  were 
subsequently,  by  Delabeche,  Murchison  and  Ramsay,  described 
and  mapped  as  altered  Cambrian  strata,  with  associated  intru- 
sive syenites  and  feldspar-porphyries. 

In  South  Wales,  at  St  David  s  in  Pembrokeshire,  is  another 
area  of  crystalline  rocks,  which  the  geological  survey  of  Great 
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Britain  had  mapped  as  intrusive  syenite,  granite  and  felstone 
(petrosilex-porphyry)  having  Oambrian  strata  converted  into 
crystalline  schists  on  one  side,  and  unaltered  fossiliferous  Cam- 
brian beds  on  the  other.  So  long  ago  as  1864,  Messrs.  Hicks 
and  Salter  were  led  to  regard  these  granitoid  and  porphyritio 
rocks  as  pre-Cambrian,  and  in  1866  concluded  that  they  were 
not  eruptive  but  stratified  crystalline  or  metamorphic  rocks. 
After  farther  stiidv,  Hicks,  in  connection  with  Harkness,  pub- 
lished in  1867,  additional  proofs  of  the  bedded  character  of 
these  ancient  crystalline  rocks,  and  in  1877  the  first  named 
observer  announced  the  conclusion  that  they  belong  to  two 
distinct  and  unconformable  series.  Of  these,  the  older  consisted 
of  the  granitoid  and  porphyritic  felstone  rocks,  and  the  younger 
of  greenish  crystalline  schists,  the  so-called  Altered  Cambrian 
of  the  official  geologists ;  both  of  these  being  overlaid  by  the 
undoubted  Lower  Cambrian  (Harlech  and  Menevian)  of  the 
region,  which  holds  their  ruins  in  its  conglomerates.  To  the 
lower  of  these  pre-Cambrian  groups,  Hicks  gave  ^  the  name  of 
Dimetian,  and  to  the  upper  that  or  Pebidian.  The  last,  with  a 
measured  thickness  of  8000  feet,  he  supposed  to  be  the  equiva- 
lent of  the  Huronian,  and  compared  the  Dimetian  with  the 
Upper  Laurentian  of  Logan. 

The  similar  crystalline  rocks  of  North  Wales,  already  noticed, 
were  now  studied  by  Professor  T.  McKenny  Hughes  of  Cam- 
bridge, who  described  them  in  1878.  These  include  in  Carnar- 
vonshire and  Anglesey  the  greenish  crystalline  schists  which 
the  writer  in  1871  referred  to  the  Huronian  (pre-Cambrian  of 
Sedgwick,  and  Altered  Cambrian  of  the  geological  survey), 
certain  granitoid  rocks  formerly  described  as  intrusive  syenite, 
and  also  a  reddish  feldspar-porphyry  which  forms  two  great 
ridges  in  Carnarvonshire.  This  latter  was  by  Professor  Sedff- 
wick  r^arded  as  intrusive,  and  is  moreover  mapped  as  such 
by  the  geological  survey,  though  described  in  Ramsay's  me- 
moir on  the  geology  of  North  Wales  as  probably  the  result 
of  an  extreme  metamorphism  of  the  lower  beds  of  the  Cam- 
brian. Thepre-Cambrian  age  of  all  these  rocks  was  clearly 
shown  by  Hughes,  who  however  considered  that  the  whole 
might  belong  to  one  great  stratified  series ;  while  Hicks,  from 
an  examination  of  the  same  region,  regarded  them  as  identical 
with  the  Dimetian  and  Pebidian  of  South  Wales. 

Dr.  Hidks  continued  his  studies  in  both  of  these  regions  in 
1878, — being  at  times  accompanied  by  Dr.  Torell  of  Sweden, 
Professor  Hughes  and  Mr.  Tawney  of  Cambridge,  and  the 
writer — and  was  led  to  conclude  that  beside  the  chloritic 
schists  and  greenstones  (diorites)  of  the  Pebidian,  and  the 
older  granitoid  and  gneissic  rocks,  there  exists,  both  in  North 
and  South  Wales,  a  third  independent  and  intermediate  series, 
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to  which  belong  the  stratified  petrosilex  or  quartziferoas  por- 
phyries already  noticed.  These  are  sometimes  wanting  at  the 
base  of  the  Pebidian,  and  at  other  times  form  masses  some 
thousands  of  feet  in  thickness.  At  one  locality,  near  St 
David's,  a  great  body  of  breccia  or  conglomerate,  consisting  of 
fragments  of  the  petrosilex  united  by  a  crystalline  dioritic 
cement,  forms  the  base  of  the  Pebidian.  For  this  intermediate 
series,  which  constitutes  the  great  quartziferous-porphyry  ridges 
of  Carnarvonshire,  Dr.  Hicks  and  his  friends  proposed  the 
name  of  Arvonian,  from  Arvonia,  the  Roman  name  of  the 
region. 

This  important  conclusion  was  announced  by  Dr.  Hicks  at 
the  meeting  of  the  British  Association  for  the  Advancement  of 
Science  at  Dublin,  in  August,  1878.  The  writer,  previous  to 
attending  this  meeting,  had  the  good  fortune  to  examine  these 
various  pre-Cambrian  rocks  in  parts  of  Carnarvonshire  and 
Anglesey  with  Messrs.  Hicks,  Torell  and  Tawney.  He  subse- 
quently, in  company  with  Dr.  Hicks,  visited  the  region  in, South 
Wales  where  these  older  rocks  had  been  studied,  and  wad 
enabled  to  satisfy  himself  of  the  correctness  both  of  the  obser- 
vations and  conclusions  of  Dr.  Hicks,  and  of  the  complete  par- 
allelism in  stratigraphy  and  in  mineral  composition  between 
these  pre-Cambrian  rocks  on  the  two  sides  of  the  Atlantic.  It 
may  here  be  mentioned  that  Dr.  Torell,  who,  during  his  visit 
to  America  in  1876,  had  an  opportunity  of  studying,  with  the 
writer,  the  petrosilexes  of  New  England  and  Pennsylvania, 
which  he  regarded  as  identical  with  the  halleflinta  of  Swe- 
den, at  once  recognized  them  in  the  Arvonian  series  of  North 
Wales. 

Of  the  many  areas  of  these  various  pre-Cambrian  rocks 
which  the  writer  was  enabled  to  examine  in  company  with  Dr. 
Hicks,  may  be  mentioned  the  granitoid  mass  of  Twt  Hill  in 
the  town  of  Carnarvon,  and  the  succeeding  Arvonian  to  Port 
Dinorwic,  followed,  across  the  Menai  strait,  by  the  Pebidian  on 
the  island  of  Anglesey,  near  the  Menai  bridge.  Farther  on,  the 
Pebidian  was  again  met  with  near  the  railway  station  of  Ty 
Croes,  in  the  southwest  part  of  the  island,  succeeded  by  a  large 
body  of  Arvonian  petrosilex,  and  a  ridge  of  granitoid  gneiss, 
fragments  of  which  make  up  a  breccia  at  the  base  of  the 
Arvonian  series.  The  Pebidian  is  again  well  displayed  at 
Holyhead. 

In  South  Wales,  the  similar  rocks  were  examined  by  him  at 
St  David's,  where  three  small  bands  of  an  impure  coarsely 
crystalline  limestone  are  included  in  the  Diraetian  granitoid 
rock,  which  is  here  often  exceedingly  quartzose.  It  may  be 
remarked  that  the  Dimetian,  as  originally  defined  at  this,  its 
first  recognized  locality,  included  a  great  mass  of  Arvonian 
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petrosilex,  the  two  forming  a  ridge  which  extends  for  some 
miles  in  a  northeast  direction,  nanked  by  Pebidian  rocks, 
which  are  sometimes  in  contact  with  the  one  and  sometimes 
with  the  other  series.  At  Cl^yr  bridge  was  seen  the  base  of 
the  Pebidian,  already  mentioned  as  consisting  of  a  conglom- 
erate of  Arvonian  fragments.  Another  belt  of  the  same  crys- 
talline rocks  was  also  visited,  a  few  mrles  to  the  eastward  of 
the  last,  and  not  far  from  Haverfordwest,  forming,  according  to 
Hicks,  a  ridge  several  miles  in  length  and  about  a  mile  wide. 
Where  seen,  at  Boch  Castle,  it  was  found  to  consist  of  Arvo- 
nian petrosilex,  with  some  granitoid  rock  near  by.  The  ridge 
is  flanked  on  the  northwest  side  by  Pebidian  and  Cambrian, 
and  on  the  southeast  by  Silurian  strata,  let  down  by  a  fault 

On  the  shore  of  Llyn  Padarn,  near  the  foot  of  Snowdon  in 
North  Wales,  the  porphyritic  petrosilex  of  the  Arvonian  is 
again  well  displayed,  while  in  contact  with  it,  and  at  the  base 
ot  the  Llanberis  (Lower  Cambrian)  slates,  is  a  conglomerate 
made  up  almost  wholly  of  the  petrosilex.  This  locality  was 
supposed  by  Prof.  Ramsay  and  others  to  show  that  the  petro- 
silex is  the  result  of  a  metamorphosis  of  the  lower  portion  of 
the  Cambrian,  the  conglomerates  being  regarded  as  beds  of 
passage.  The  writer,  after  a  careful  examination  of  the  locality, 
agrees  with  Messrs.  Hicks,  Hughes  and  Bonney  that  there  is  no 
ground  for  such  an  opinion,  but  that  the  conglomerate  marks 
the  base  of  the  Camorian,  which  here  reposes  on  Arvonian 
rocks,  and  is  chiefly  made  up  of  their  ruins.  In  like  manner, 
according  to  Prof.  Hughes,  the  Cambrian  in  otlier  parts  of  this 
region  includes  beds  made  of  the  debris  of  adjacent  granitoid 
rocks. 

These  petrosilex  conglomerates  of  Llyn  Padarn  are  indistin- 
guishable from  those  found  at  Marblehead  and  other  localities 
near  Boston,  Massachusetts,  which  have  been  in  like  manner 
interpreted  as  evidences  of  the  secondary  origin  of  the  adjacent 
petrosilex  beds,  into  which  they  have  been  supposed  to  grad- 
uate The  writer  has,  however,  always  held,  in  opposition  to 
this  view,  that  these  conglomerates  are  really  newer  rocks  made 
up  of  the  ruins  of  the  ancient  petrosilex.  He  has  found  sim- 
ilar petrosilex -conglomerates  at  various  points  on  the  Atlantic 
coast  of  New  Brunswick,  of  Lower  Cambrian,  Silurian  and 
Lower  Carboniferous  ages,  all  of  which  have,  in  their  turn, 
been  by  others  regarded  as  formed  by  the  alteration  of  strata 
of  these  geological  periods.  The  evidcLce  now  furnished  in 
South  Wales  of  still  older  (Huronian)  beds  of  petrosilex-con- 
glomerate  should  be  noted  by  students  of  North  American 
geology.  From  observations  near  Boston,  made  by  one  of 
my  f6rmer  students,  I  have  for  some  time  suspected  the  exist- 
ence of  petrosilex-conglomerates  of  pre-Cambrian  age. 
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To  the  eastward  of  the  localities  already  mentioued  in  Wales, 
are  some  other  small  areas  of  crystalline  rocks,  including  those 
of  the  Malvems,  and  the  Wrekin  and  other  hills  in  Shropshire, 
all  of  which  appear  as  islands  among  Cambrian  strata ;  also 
those  of  Chamwood  Forest,  in  Leicestershire,  which  rise  in  like 
manner  among  Triassic  rocks.  The  Wrekin,  r^arded  by  Mnr- 
chison  as  a  post-Cambrian  intrusion,  has  been  shown  by  Cal- 
laway to  be  anconformably  overlaid  by  Lower  Cambrian 
strata,  and  consists  in  part  of  bedded  greenstones,  and  in  part 
of  banded  reddish  petro^ilex-porphyries^  closely  resembling 
the  Arvonian  of  North  Wales  and  the  corresponding  rocks  61 
North  America.  The  geology  of  Chamwood  has  within  the 
past  two  years  been  carefally  studied  by  Messrs.  Hill  and  Bon- 
ney.  The  ancient  rocks  of  this  r^on  are  in  part  crystalline 
schists  (embracing,  in  the  opinion  of  Dr.  Hicks  and  of  the 
writer — who  have  seen  collections  of  them — representatives 
both  of  the  Pebidian  and  the  Arvonian  of  Wales)  and  in  part 
eruptive  masses,  including  the  granitic  rocks  of  Mount  SorreL 

There  is  not,  so  far  as  known,  in  the  British  localities  already 
mentioned,  any  representative  either  of  the  Taconic  or  Itacol- 
umite  group,  or  of  the  white  micaceous  gneisses,  with  mica- 
ceous and  homblendic  schists,  which  I  have  designated  the 
Montalban  series.  I  have,  however,  found  the  latter  well  dis- 
played in  Ireland,  in  the  Dublin  and  Wicklow  Hills.  The  prob- 
able presence  both  of  this  series  and  of  the  Huronian  in  the 
northwest  of  Ireland  was  pointed  out  by  me  in  1871.  I 
have  there  lately  seen  the  Huronian  on  Lough  Foyle,  and  also  in 
Scotland  in  various  parts  of  Argyleshire  and  Perthshire,  as 
along  the  Crinan  Canal  and  in  the  vicinity  of  Loch  Etive  and 
Loch  Awe.  From  collections  sent  me  by  Mr.  James  Thom- 
son, of  Glasgow,  it  appears  that  both  Huronian  and  Lauren- 
tian  rocks  occur  in  the  island  of  Lslay. 

The  crystalline  schists  of  Charnwood  oflfer,  as  was  pointed 
out  by  Messrs.  Hill  and  Bonney,  many  resemblances  with  parts 
of  the  Ardennian  series  of  Dumont  in  France  and  Belgium. 
These,  which  have  been  in  turn  regarded  as  altered  Devonian, 
Silurian  and  Lower  Cambrian,  were,  as  shown  by  Qosselet, 
islands  of  crystalline  rock  in  the  Devonian  sea,  and  in  one  pan 
include  argillites  with  impressions  of  Oldhamia  and  an  un- 
determined graptolite.  These  rocks  have  lately  been  described 
in  detail  in  the  admirable  memoir  of  de  la  Valine  Poussin 
and  Renard.  The  writer  had  thfe  good  fortune,  in  1878,  to 
visit  this  region,  and  in  company  with  Gosselet  and  Benard  to 
examine  the  section  along  the  valley  of  the  Meuse,  The  crys- 
talline rocks  here  displayed  greatly  resemble  those  of  the 
American  Huronian,  in  which  may  be  found  most  of  the  types 
described  by  the  authors  of  the  memoir  just  mentioned.    It 
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woald  be  easy  to  extend  farther  this  review  of  late  advances 
made  in  the  study  of  the  aneient  crystalline  rocks,  but  the 
writer  has  preferred  to  confine  himself  to  those  regions  which 
he  has  lately  examined. 

CONCLirSIONS. 

1.  The  Pebidian  of  Hicks  has  both  the  lithological  charac- 
ters and  the  stratigraphical  position  of  the  Huronian  of  North 
America,  to  which  he  has  already  referred  it 

2.  The  Arvonian  is,  in  like  manner,  identical  with  the 
Halleflinta  group  of  Sweden  and  with  the  Petrosilex  group  of 
North  America,  which  I  had  provisionally  includea  in  the 
lower  part  of  the  Huronian,  and  which  Hitchcock  subs^uently 
called  Lower  Huronian.  The  fact  that  there  is  in  Wales  a 
stratigraphical  break  between  it  and  the  overlying  Huronian, 
will  help  to  explain  the  frequent  absence  of  the  Arvonian  at 
the  base  of  Huronian  in  many  of  its  American  localities. 

8.  The  Dimetian,  including  the  granitoid  and  gneissic 
rocks  with  limestone  bands,  so  rar  as  can  be  seen  in  the  limited 
outcrops,  is  indistinguishable  from  parts  of  the  Laurentian  of 
North  America.  It  was  from  a  misconception  that  Dr.  Hicks 
in  1878  provisionally  referred  the  Dimetian  to  the  Upper  Lau- 
rentian, a  name  at  one  time  used  by  the  geological  survey  of 
Canada  to  designate  the  Norian  series,  which  in  some  parts  of 
North  America  overlies  unconformablv  the  Laurentian.  Hicks 
at  the  same  time  <lesignated  as  Lower  Laurentian  the  gneiss  of 
the  Hebrides  (Lewisian  of  Murchison),  which  he  believed  to  be 
distinct  from  and  older  than  the  Dimetian.  These  two  appar- 
ently correspond  to  the  Ottawa  and  Grenville  divisions  of  the 
proper  Laurentian  in  Canada,  and  perhaps  to  the  Bojian  and 
Hercynian  gneisses  of  Gtimbel,  in  Bavaria. 

[The  foUowing  is  a  partial  list  of  publications  relating  to  the  rocks  noticed  in 
part  ni  of  this  paper : 

In  the  Qnar.  Jour.  GeoL  Soc.  of  London  are  the  foUowing  papers  on  these  rocks 
in  Wales:  Hicks,  May,  1877.  p.  230;  Hicks  k,  Davies.  Feb.,  1878,  p.  147,  and 
May.  1878,  p.  153 ;  Hughes  k  Bonuey,  Feb.,  1878,  p.  137  ;  Hicks  k  Davies,  May, 
1879,  p.  285:  Hicks  &  Booney,  ibid.,  p.  295;  Bonoey,  ibid.,  p.  309;  Bonney  & 
Houghton,  ibid.,  p.  821;  Hughes,  Nov.,  1879,  p.  682;  Maw,  Aug.,  1878,  p.  764; 
also  Hicks,  rodcs  of  Rose-shire,  Nov.,  1878,  p.  811.  Tawney,  Older  Rocks  of  St. 
Davids:  Proa  Bristol  Naturalists'  Society,  vol.  ii^  part  2,  p.  110. 

On  these  rocks  iu  Shropshire,  in  the  same  journal,  AUport,  Aug.,  1877,  p.  449; 
Callaway,  Nov.,  1877,  p.  653,  and  Aug.,  1878,  p.  754;  Callaway  A  Bonney,  Nov., 
1879,  p.  643. 

On  these  rocks  in  Chamwood  Forest,  in  the  same  journal.  Hill  and  Bonney, 
Nov.,  1877,  p.  753,  and  May,  1878,  p.  199. 

See  farther,  Himt,  Chemical  and  Geological  Essays,  pp.  34,  269,  270,  272,  278, 
283 ;  also  his  Azoic  Rocks,  part  i  (Second  GeoL  Survey  of  Penn.,  1878),  pp.  187, 
188. 

For  the  rocks  of  the  Ardennes  see  Memoire  sur  les  Roches  dites  Plutoniques, 
etc  (4to,  pp.  264),  by  de  la  Yall^  Poussin  and  Renard,  ^m  Memoires  de  la 
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TAoad.  Boyale  de  la  Belgique  for  1876;  and  Memoire  sur  la  Comp.  Min^ralo- 
gique  du  Coticule,  by  Renard,  from  the  same  for  1877.  Also  Gk>B8elet  aod  Malaise, 
Terrain  Silurian  des  Ardennes,  Bull  Acad.  Roy.  de  la  Belgique  (2)  No.  7,  1868 ; 
Dewalque,  Terrain  Cambrien  des  Ardennes,  Ann.  Soa  G^i.  de  la  Belgique,  torn, 
i,  p.  63 ;  and  farther,  Hunt,  Ghem.  and  GeoL  Essays,  p.  270.] 

Appendix. 

Since  the  above  paper  was  read  the  author  has  received  (No- 
vember, 1879)  a  private  communication  from  Prof.  L.  W. 
Bailey  giving  his  latest  results  as  to  the  pre-Cambrian  rocks  of 
southern  New  Brunswick,  which  confirm  what  has  already 
been  said  about  that  region.  Bailey  separates  the  Huronian 
into  a  lower  division,  for  which  he  reserves  the  name  of  Cold- 
brook,  consisting  ohiefly  of  petrosilex  rocks,  and  an  upper 
division,  the  typical  Huronian,  called  by  him  the  Coasta)  group. 
He  adds  that  there  is  between  the  two  a  marked  physical  break, 
which  is  indicated  by  a  stratigraphical  discordance,  and  by  the 
presence  in  the  lower  part  of  the  Coastal  group  of  coarse  con- 
glomerates made  up  from  the  ruins  of  the  Coldbrook  or  un- 
derlying division.  This  corresponds  to  the  break  between  the 
similar  Arvonian  and  Huronian  in  South  Walea 

At  the  meeting  of  the  British  Association  for  the  Advance- 
ment of  Science  at  Sheffield  in  August,  1879,  Dr.  Hicks  read 
a  paper  on  the  Classification  of  the  British  Pre-Cambrian 
Rocks,  which  is  published  in  the  Geological  Magazine  for  Oc- 
tober, 1879.  He  concludes  that  the  Pebidian  is  "a group  of 
enormous  thickness,  which  is  largely  distributed  over  Great 
Britain,  where  it  has  a  prevailing  strike  of  N.N.E.  and 
S.S.W.,  or  from  this  to  N.E.  and  S.  W."  In  addition  to  the 
localities  which  we  have  already  mentioned  in  Great  Britain, 
he  notes  its  occurrence  in  Shropshire  and  in  Charnwood 
Forest,  and  also  in  the  northwest  of  Scotland,  where,  as  else- 
where, it  enters  largely  into  the  Lower  Cambrian  conglom- 
erates. The  group  is  concisely  described  by  him  as  consisting 
"for  the  most  part  of  chloritic,  talcose,  feldspathic  and  mica- 
ceous schistose  rocks,  alternating  with  slaty  and  massive  green- 
stones, dolomitic  limestones,  serpentines,  lava-flows,  porcel- 
lanites,  breccias  and  conglomerates.  It  is  also  traversed  fre- 
quently by  dykes  of  granite,  dolerite,  etc" 

The"  conglomerates  at  the  base  of  the  Huronian  in  Wales 
are  largely  made  up  of  the  masses  derived  from  the  Arvonian, 
with  which  it  "  is  undoubtedly  at  most  of  the  points  examined, 
unconformable."  This  Arvonian  series,  Hicks  regards  as  iden- 
tical with  the  great  Halleflinta  group  of  the  Swedish  geologists 
and  with  the  Petrosilex  series  which  the  writer  has  made 
known  in  America.  In  addition  to  the  localities  already  men- 
tioned of  it  in  the  British  Isles,  Hicks  notes  its  occurrence  in 
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the  Harlech  Mountains  and  the  Orkneys,  and  probably  also  in 
the  Western  Islands,  and  in  the  Grampians  of  Scotland.  Its 
strike  in  the  regions  examined  by  him  is  generally  about  N. 
and  S. 

As  regards  the  gneissic  Dimetian  group,  the  strike  of  which 
is  N.W.  and  S.E.,  or  from  this  to  N.  and  S.,  Hicks  adds  to  the 
localities  in  Wales,  already  noticed,  its  occurrence  in  the  Mal- 
vern chain,  especially  in  the  Worcester  Beacon,  and  cites  Dr. 
Callaway  as  authority  for  its  existence  in  Shropshire.  Hicks 
further  notes  its  presence  at  several  points  in  the  northwest 
Highlands  of  Scotland.  From  this  series  of  light-colored 
gneisses,  often  very  quartzose,  with  limestone  bands,  he  sepa- 
rates, as  we  have  seen,  under  the  name  of  Lewisian,  proposed 
by  Murchison  for  the  ancient  gneisses  of  Lewis  and  others 
of  the  Hebrides  Isles,  these,  and  similar  reddish  and  dark- 
colored  homblendic  gneisses  which  are  found  in  parts  of  the 
Malvern  chain,  in  the  northwest  of  Ireland,  and  possibly  also 
in  Anglesey.  This  series,  according  to  Hicks,  is  unconform- 
ably  overlaid  by  the  Dimetian,  brecciated  beds  which  hold 
fragments  of  the  older  Lewisian  gneiss.  The  strike  in  these 
older  gneisses  "  is  usually  E.  and  W.,  or  some  point  between 
that  and  N.W.  and  S.  R*' 

Dr.  Hicks  concludes  the  above  paper  by  remarking  that  the 
chief  part  of  these  ancient  rocks  in  Great  Britain  **  were  until 
recently  supposed  to  be  either  intrusive  masses,  or  altered  sedi- 
ments belonging  to  tolerably  recent  times,"  and  adds,  "it  is 
becoming  more  and  more  an  acknowledged  fact  that  the  meta- 
morphism  of  great  groups  of  rocks  does  not  take  place  so 
readily  as  was  formerly  supposed,  but  that  some  special  condi- 
tions, such  as  do  not  appear  to  have  prevailed  over  this  area 
since  pre-Cambrian  times,  were  necessary  to  produce  so  great  a 
result" 

The  reader  in  this  connection  is  referred  to  the  abstract  of  a 
memoir  communicated  by  the  writer  to  the  British  Association 
at  Dublin  in  August,  1878,  on  The  Origin  and  the  Succession 
of  the  Crystalline  Rocks  of  North  America,  which  will  be 
found  in  the  Geological  Magazine  for  that  year  (page  466),  as 
well  as  in  Nature,  vol.  xviii,  page  443. 

Montreal,  February,  1880. 
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Akt.  XXXIV.  —  Synopsis  of  the  Cephalopoda  of  the  North- 
eastern Coast  of  America;  by  A.  E.  VfiBBiLL.  JSrief  Con- 
tribuiions  to  Zoology  from  the  Museum,  of  Yale  College,  Na 
XLVL     With  Plates  Xn  to  XVL 

The  recent  increase  in  the  number  of  Cephalopods  known  to 
belong  to  this  fauna  is  remarkable.  Up  to  tne  year  1871, 
only  three  species  were  recorded.  In  1872,  an  undetermined 
Bossia  and  Octopus  Bairdii  V.  were  discovered.  Since  that 
time  fourteen  additional  species  have  been  added,  mostly  by 
the  writer,  so  that,  at  the  present  time,  eighteen  species  are  known 
from  this  coast  Four  of  these  have  been  first  discovered  by 
the  dredgings  carried  on  by  the  U.  S.  Fish  Commission,  in 
charge  of  the  writer.  Six  have  been  brought  in  by  the  Glou- 
cester fishermen,  from  the  Bank  fisheries,  among  their  valuable 
contributions  to  the  collections  of  the  U.  S.  Fish  Commission 
and  National  Museum. 

ARCHrrsuTHis. 

In  several  former  articles  in  this  Journal,*  the  writer  has  re- 
corded the  occurrence  of  fourteenf  American  examples  of  the 
gigantic  squids  belonging  to  this  genus,  and  apparently  repre- 
senting two  species.  Since  the  last  of  these  notices,  eight 
additional  specimens  have  been  found  on  the  coasts  of  New- 
foundland and  Nova  Scotia.  In  a  somewhat  extended  article 
on  the  large  cephalopods,  recently  published,:!:  the  author  has 
given  all  the  available  facts  in  relation  to  the  later  discoveries, 
and  has  redescribed,  in  much  greater  detail  than  before,  and 
with  numerous  illustrations,  the  various  specimens  formerly 
noticed,  of  which  portions,  more  or  less  important,  haVe  been 
preserved.  In  the  present  article,  the  recent  specimens  are 
enumerated  in  order  to  complete  the  series  of  notices  for  this 
Journal.  Since  the  capture  of  the  fine  specimen  o(  A.  princeps,  at 
Catalina  Bay,  in  1877  (our  No.  14,  see  Plate  XII),  which  was 
preserved  nearly  entire  in  the  New  York  Aquarium,  the 
following  have  been  recorded : 

No.  15. — Hammer  Cove  specimen,  1876. 

In  a  letter  from  Rev.  M.  Harvey,  dated  Aug.  25,  1877,  he 
states  that  a  big  squid  was  cast  ashore  Nov.  20,  1876,  at  Ham- 

♦  This  Journal,  vol.  vii,  p.  158,  Feb.,  1874;  vol  ix,  pp.  123,  177,  Plates  II-V, 
1876;  voL  x,  p.  213,  Sept.,  1876;  vol.  xii,  p.  236,  1876;  voL  xiv,  p.  426,  Nov., 
1877.  Also,  American  Naturalist,  vol.  viii,  p.  167,  1874;  voL  iz,  pp.  21,  78,  Jan. 
and  Feb.,  1875. 

tOf  these.  No.  6  proved  to  be  the  same  as  No.  3,  and  should  be  cancelled. 
Transaa  Connecticut  Acad.,  vol.  v,  pp.  177-268,  Dec,  1879,  to  Feb.,  1880, 
Plates  Xm  to  XXY. 
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mer  Cove,  on  the  southwest  arm  of  Green  Bay,  in  Notre  Dame 
Bay,  Newfoundland.  When  first  discovered  by  his  informant 
it  had  already  been  partially  devoured  by  foxes  and  sea-birds. 
Of  the  body,  a  portion  5  feet  long  remained,  with  about  2  feet 
of  the  basal  part  of  the  arms.  The  head  was  18  inches  broad ; 
tail,  18  inches  broad ;  eye-sockets,  7  by  9  inches ;  stump  of 
one  of  the  arms,  8*5  inches  in  diameter. 

No.  16. — Lance  Gove  specimen^  1877  (Architeuihis  princeps  f). 

In  a  letter  dated  Nov.  27,  1877,  Mr.  Harvey  gives  an  ac- 
count of  another  specimen,  which  was  stranded  on  the  shore  at 
Lance  Cove,  Smith's  Sound,  Trinity  Bay,  about  twenty  miles  far- 
ther up  the  bay  than  the  locality  of  the  Gatalina  Bay  specimen 
(No.  14).  He  received  his  information  from  Mr.  John  Duffet, 
a  resident  of  the  locality,  who  was  one  of  the  persons  who 
found  and  measured  it.  His  account  is  as  follows :  "  On  Nov. 
21, 1877,  early  in  the  morning,  a  *  big  squid  *  was  seen  on  the 
beach,  at  Lance  Cove,  still  alive  and  struggling  desperatelv  to 
escape.  It  had  been  borne  in  by  a  *  spring  tide  *  ana  a  high  in- 
shore wind.  In  its  struggles  to  get  off  it  ploughed  up  a  trench 
or  furrow  about  thirty  feet  long  and  of  considerable  depth  by 
the  stream  of  water  that  it  ejected  with  great  force  from  its 
siphon.  When  the  tide  receded  it  died.  Mr.  Duffet  measured 
it  carefully,  and  found  that  the  body  was  nearly  11  feet  long 
(probably  including  the  head);  the  tentacular  arms,  88  feet 
long.  He  did  not  measure  the  short  arms,  but  estimated  them 
at  13  feet,  and  that  they  were  much  thicker  than  a  man*s  thigh 
at  their  bases.  The  people  cut  the  body  open  and  it  was  left 
on  the  beach.  It  is  an  out-of-the-way  place,  and  no  one  knew 
that  it  was  of  any  value.  Otherwise  it  could  easily  have  been 
brought  to  St.  John's,  with  only  the  eyes  destroyed  and  the 
body  opened."  It  was  subsequently  carried  off  by  the  tide, 
and  no  portion  was  secured. 

No.  17. — Triniiy  Bay  specimen^  1877. 

Mr.  Harvey  also  stales  that  he  had  been  informed  by  Mr. 
Duffet  that  another  very  large  *  big  squid  *  was  cast  ashore  in 
October,  1877,  about  five  miles  farther  up  Trinitv  Bay  than 
the  last.  It  was  cut  up  and  used  for  manure.  No  portions 
are  known  to  be  preserved,  and  no  measurements  were  given. 

No,  18. — Thimble  Tickle  specimen^  1878.  Architeuihis  princeps  (/). 

The  capture  of  this  specimen  has  been  described  by  Mr. 
Harvey,  in  a  letter  to  the  Boston  Traveller,  Jan.  80,  1879  : 

"On  the  2d  day  of  November  last,  Stephen  Sherring,  a  fish- 
erman residing  in  Thimble  Tickle  [near  Little  Bay  Copper 
Mine,  Notre  Dame  Bay],  not  far  from  the  locality  where  the 
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other  devil  fish  [No.  19]  was  cast  ashore,  was  out  in  a  boat 
with  two  other  men  ;  not  far  from  shore  they  observed  some 
bulky  object,  and,  supposing  it  might  be  part  of  a  wreck,  they 
rowed  toward  it,  and,  to  their  horror,  found  themselves  close  to 
a  huge  fish,  having  large  glassy  eyes,  which  was  making  des- 
perate efforts  to  escape,  and  churning  the  water  into  foam  by 
the  motion  of  its  immense  arms  and  tail.  It  was  aground  and 
the  tide  was  ebbing.  From  the  funnel  at  the  back  of  its  head 
it  was  ejecting  large  volumes  of  water,  this  being  its  method 
of  movmg  backward,  the  force  of  the  stream,  by  the  reaction 
of  the  surrounding  medium,  driving  it  in  the  required  direc- 
tion.    At  times  the  water  from  the  siphon  was  black  as  ink. 

"  Finding  the  monster  partially  disabled,  the  fishermen 
plucked  up  courage  and  ventured  near  enough  to  throw  the 
grapnel  of  their  boat,  the  sharp  flukes  of  which,  having  barbed 
points,  sunk  into  the  soft  body.  To  the  grapnel  they  had  at- 
tached a  stout  rope,  which  they  had  carried  ashore  and  tied  to 
a  tree,  so  as  to  prevent  the  fish  from  fjoing  out  with  the  tide. 
It  was  a  happy  thought,  for  the  devil-fish  found  himself  effect- 
ually moored  to  the  shore.  His  struggles  were  terrific  as  he 
flung  his  ten  arms  about  in  dying  agony.  The  fishermen  took 
care  to  keep  a  respectful  distance  from  the  long  tentacles,  which 
ever  and  anon  darted  out  like  great  tongues  from  the  central 
mass.  At  length  it  became  exhausted,  and  as  the  water  re- 
ceded it  expired." 

The  body  measured  20  feet  from  the  beak  to  the  extremity 
of  the  tail.  The  circumference  of  the  body  is  not  stated,  but 
one  of  the  tentacular  arms  measured  85  feet  in  length. 

According  to  these  measurements,  this  was  the  largest  speci- 
men yet  found,  it  being  nearly  twice  as  large  as  No.  14. 

No,  19. — Three  Anns  specimen,  1878.     Architeulhis princeps  (/). 

Mr.  Harvey  has  also  given  an  account  of  this  specimen,  in 
the  same  letter  to  the  Boston  Traveller,  referred  to  under  No. 
18.  This  one  was  found  cast  ashore  after  a  heavy  gale  of 
wind,  Dec.  2,  1878,  by  Mr.  William  Budgell,  a  fisherman 
residing  at  Three  Arms,  South  Arm  of  Notre  Dame  Bay,  near 
Little  Bay  mines.  It  was  dead  when  found,  and  was  cut  up 
and  used  for  dog-meat     Mr.  Harvey's  account  is  as  follows: 

*'  My  informant,  a  very  intelligent  person,  who  was  on  a  visit 
in  that  quarter  on  business,  arrived  at  BudgelFs  house  soon 
after  he  had  brought  it  home  in  a  mutilated  state,  and  carefully 
measured  some  portions  with  his  own  hand.  ^  He  found  that 
the  body  measured  15  feet  from  the  beak  to  the  end  of  the 
tail.  ******  The  circumference  of  the  body  at 
its  thickest  part  was  12  feet  He  found  only  one  of  the  short 
arms  perfect,  which  was  16  feet  in  length,  being  five  feet  longer 
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than  a  similar  arm  of  tbe  New  York  specimen  [No.  14],  and  he 
describes  it  as  thicker  than  a  man's  thigh." 

No,  20. — Banquereau  specimen^  1879. 

This  consists  of  the  terminal  part  of  a  tentacular  arm,  which 
was  taken  by  Oapt.  J.  W.  Colhns  and  crew,  of  the  schooner 
"Marion,"  from  tbe  stomach  of  a  large  and  voracious  fish 
{Alepidosaurus  ferox\  together  with  the  only  specimen  hitherto 
aiscovered  of  the  remarkable  squid,  Hisiioteuthis  Collinsii  V. 
The  fish  was  taken  on  a  halibut  trawl-line,  N.  lat  42^  49';  W. 
long.  62°  57',  off  Nova  Scotia,  Jan.,  1879.    This  fragment,  after 

1)reservation   in  strong  alcohol,   now  measures   18  inches  in 
ength.     It  includes  all  the  terminal  club,  and  a  small  portion 
of  the  naked  arm  below  it. 

No,  22. — Brigus  specimen^  1879. 

Mr.  Harvey  states  that  portions  of  another  large  squid  were 
cast  ashore  near  Brigus,  Conception  Bay,  in  October,  1879. 

Two  of  the  short  arms,  each  measuring  eight  feet  in  length, 
were  found,  with  other  mutilated  parts,  trfter  a  storm. 

No,  28. — James's  Cove  specimen^  1879. 

Prom  Mr.  Harvey  I  have  also  recently  received  an  account 
of  another  8pecimen,  which  was  capturea  entire  about  the  first 
of  November  last,  at  Jameses  Cove,  Bonavista  Bay,  N.  F. 

"Mr.  Thomas  Moores  and  several  others  saw  something 
moving  about  in  the  water,  not  far  from  the  stage.  Getting 
into  a  punt»  they  went  alongside,  when  they  were  surprised  to 
see  a  monster  squid.  One  of  the  men  struck  at  it  witn  an  oar, 
and  it  immediately  struck  for  the  shore,  and  went  quite  upon 
the.  beach.  The  men  then  succeeded  in  getting  a  rope  around 
it,  and  hauled  it  quite  ashore.  It  measured  88  feet  altogether. 
The  body  was  about  9  feet  in  length,  and  two  of  its  tentacles 
or  horns  were  29  feet  each.  There  were  several  other  smaller 
horns,  but  they  were  not  so  long.  The  body  was  about  6  feet 
in  circumference." 

This  seems  to  have  been  a  fine  and  complete  specimen,  about 
tbe  size  of  theCatalina  Bay  specimen  (No.  14V  Unfortunately 
the  fishermen,  as  usual,  immediately  destroyea  it,  and  probably 
no  portion  was  preserved. 

Archileuthis  Harveyi  Verrill.     (Harvey's  giant  squid). 

Trans.  Ck>DZi.  Acad,  y,  p.  197,  Plates  ziii  to  xvio,  Dec.,  1879. 
Megaloietiihis  harveyi  Kent,  Proc.  ZooL  Soc.  LondoD,  1874,  p.  178. 
ArehiteiUhis  manathtta  Verrill,  this  Journal,  vol.  iz,  pp.  124,  177,  PL  ii,  ill,  iv, 

1875 ;  Tol.  zii,  p.  236,  1876;  American  Naturalist,  vol  iz,  pp.  22,  78,  flfrs.  1-6, 

10.  1876  {f  nan  Steenstrup). 
Ommag$rtp?iet  harveyi  Kent,  Proc  Zool.  Soc.  London,  1874,  p.  492. 
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xm. 

The  principal  diagnostic  characters  of  this  species,  so  far  as 
determined,  are  as  follows :  Sessile  arms  unequal  in  size,  nearly 
equal  in  length,  decidedly  shorter  than  the  bead  and  body  to- 
gether, and  scarcely  as  long  as  the  body  alone.  Tentacular 
arms,  in  extension,  about  four  times  as  long  as  the  short  arms : 
about  three  times  as  long  as  the  head  and  body  together. 
Caudal  fin  small,  less  than  one-third  the  length  of  the  mantle, 
sagittate  in  form,  with  the  lateral  lobes  extending  forward  much 
beyond  their  insertions :  the  posterior  end  tapering  to  a  long 
acute  tip.  Jaws  with  a  smaller  notch  and  lobe  than  in  A, 
princeps.  Suckers  of  the  sessile  arms  (so  far  as  seen)  mostly 
with  numerous  acute  teeth  all  around  the  circumference,  all 
similar  in  shape,  but  those  on  the  inner  margin  smaller  than 
those  on  the  outer,  and  sometimes  obsolete  in  certain  suckers. 
Sexual  characters  are  not  yet  determined. 

ArchUeuthis  pHnceps  VerrilL     (Giant  squid). 

ArekitoiOua  prineeps  Verrill,  thiB  Journal,  yoL  iz,  pp.  124,  181,  Plate  ▼,  1875; 

American  Naturalist,  voL  ix,  pp.  22,  79,  figs.  25-27, 1875 ;  Trans.  Conn.  Acad., 

T.  pp.  210  to  217.  Plates  xvii  to  zx,  Jan.  and  Feb.,  1880. 
Ommastrq^hes  (ArchiieuOiis)  prineeps  Tryon,  Manual  of  Gonchologj,  p.  185,  PL 

85,  1879,  (figures  copied  and  descriptions  compiled  fh>m  papers  cited). 

Plate  XlL 

This  species  is  distinguished  from  the  preceding  by  the 
length  and  inequality  of  the  short  arms,  of  which  the  longest 
(ventral  or  subventral)  exceed  the  combined  length  of  the  head 
and  body  by  about  one-sixth  ;  by  the  denticulation  of  the  suck- 
ers of  the  short  arms,  of  which  there  are  two  principal  forms, 
some  having  very  oblique  horny  rings,  with  the  outer  edge 
very  strongly  toothed  with  broad,  flat,  acuminate  teeth,  and 
the  inner  edge  slightly  or  imperfectly  denticulated  ;  the  others 
having  less  oblique  rings,  with  the  acuminate  denticles  sim- 
ilar in  form  all  around,  though  smaller  on  the  inner  margin ; 
by  the  stronger  jaws,  which  have  a  deeper  notch  and  a  more 
elevated  tooth  on  the  anterior  edge ;  and  by  the  caudal  fin, 
which  is  short-sagittate  in  form,  with  the  posterior  end  leas 
elongated  than  in  the  preceding  species. 

Sthenoieuthis  inegaptera  Verrill.     (Broad-finned  large  squid). 

Trans.  Conn.  Acad ,  ▼,  p.  223,  PI.  xii,  figs.  1-9,  Feb.,  1880. 
Architeuihis  megaptera  Verrill,  this  Journal,  voL  xvi  p.  207,  1878.     Tryon, 
Manual  of  Conchology,  voL  i,  p.  187  (description  copied  from  preceding  paper). 

The  original  specimen  was  found  thrown  ashore  near  Cape 
Sable,  N.  S.  To  this  species  is  doubtfully  referred  a  beak» 
taken  on  Sable  I.  Bank,  in  280-300  fathoms,  by  Capt  Geo.  A- 
Johnson  and  crew,  of  the  schooner  "A.  H.  Johnson." 
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The  genus  Sthenoleuthis,  established  to  receive  this  species, 
differs  from  OmmastrepheSj  to  which  it  is  closely  allied,  in  hav- 
ing, like  Architeuthis,  numerous  small,  smooth-rimmed  suckers 
alternating  with  tubercles,  on  the  proximal  part  of  the  *club,' 
for  the  mutual  adhesion  of  the  long  tentacular  arms.  The  lat- 
eral arms  are  provided  with  very  broad,  thin  marginal  mem- 
branes. The  caudal  fin  is  very  broad.  Besides  the  type  it 
also  includes  S,  Bartramii  (Loh'go  Bartramii  Les.)  from  the 
Gulf  Stream  region,  and  probably  S.  pteropus  (Steenst  sp.)  from 
the  Mediterranean  and  Bermuda.* 

Ommastrephes  illecehroaa  VerriU.     (Short-finned  squid). 

LoUqo  iUeetifrosa  Lesueur,  Joum.  Phil.  Acad.  Nat  ScL,  ii,  p.  95,  Plate  x,  figs. 
18-21  (inoorrect  figures).    Gk>uld,  Invert  Mass.,  ed.  I,  p.  318,  1841. 

Ommastrephes  sagitUUus  (pars)  D'Orbig.,  G^ph.  Ac^tab.,  p.  345,  Plate  7,  fig.  1, 
(after  Lesueur).  Binney,  in  Gould's  Invert.  Marts.,  ed.  n,  p.  510,  1870  (excL 
syn.).  Plate  xxvi,  fig  341-4  [341  is  imperfect],  noi  Plate  xzv,  fig.  339.  Trjon 
(pars)  Man.  Conch.,  I,  p.  177,  PL  78,  fig.  342  (very  bad,  after  Lesaeur),  PI  79, 
fig.  343,  1879  (not  Plate  78,  figs.  341,  345). 

Ommastrephes  iUecebrosa  VerriU,  this  Jourxial,  vol.  iii,  p.  281,  1872 ;  Report  on 
Invert.  Viney.  Sd.,  etc.,  1873,  pp.  441,  634. 

Long  Island  Sound  (VerriU)  to  Cumberland  Gulf  (Kum- 
lein).  Abundant  from  Cape  Cod  to  Newfoundland.  Saybrook, 
Conn.  (TJ.  S.  Fish  Com.)  Vineyard  Sd.,  Mass.,  large  in  winter, 
small  in  May  (V.  N.  Edwards). 

The  Mediterranean  form,  usually  identified  with  the  var,  6, 
of  Loli'go  sagitiata  Lamarck,  1799,t  is  closely  related  to  our 
species,  but  '\i  the  published  figures  and  descriptions  can  be  re- 
lied upon,  it  can  hardly  be  identical.  The  American  form  has 
a  more  elongated  body,  with  a  diflferently  shaped  caudal  fin, 
which  is  relatively  shoi'ter  than  0.  sagittatus,  as  given  by  Euro- 
pean authors.  The  figure  given  by  Verany  is,  however,  an  ex- 
ception in  this  respect,  for  in  that  the  body  is  represented  about 
as  long  as  in  some  of  our  larger  specimens.^ 

Of  our  species,  I  have  measured  large  numbers  of  specimens, 
preserved  in  diflerent  ways,  and  also  fresh,  and  have  found  no 
great  variation  in  the  form  and  relative  length  of  the  caudal 
fin,  among  specimens  of  similar  size,  nor  do  the  sexes  difier 

*  A  specimen  from  Bermuda  is  described  in  detaU  in  Trans.  Ck>nn.  Acad.,  voL  v, 
p.  228,  but  it  lacked  the  *  dubs.' 

f  It  seems  more  probable,  however,  that  Lamarck's  description  applied,  in  part, 
to  0.  Bartramii  (Les.  sp.)  of  the  Gulf  Stream  region.    BlainviUe  thus  applied  it 

X  It  should  be  remarked,  however,  that  Lesueur's  figure  of  0.  Ukcd^osa  shows 
the  body  too  small  and  short  in  proportion  to  the  size  of  the  fin,  and  the  fin  wrong 
in  shape,  and  occupying  more  than  half  the  length  of  the  mantle ;  the  propor- 
tions of  the  arms  are  aJso  erroneous.  But  Lesueur  explaios  these  defects  by  his 
statement  that  the  figures  were  hasty  sketches  made  for  the  sake  of  preserving 
the  colors,  and  that  he  saved  a  specimen  by  which  to  correct  afterwards  his 
drawings  and  description,  but  the  specimen  saved  turned  out  to  be  X.  pavo,  so 
that  the  orig^al  sketches  were  published  without  correction.  Tryon's  figure  342 
is  A  reduced  copy  of  one  of  Lesueur's,  though  not  so  credited. 
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in  this  respeec  The  two  sexes  are  piobablj  eqaally  namer- 
oa%  bat  iD  oar  ooUeetioos  the  males  asoally  predominate*  aod 
the  largest  specimens  are  osoallj  aiales,  thoagh  eqaally  large 
females  do  oocor.  In  31  mei»ared  specimens,  in  idcohol, 
from  Tarioas  localities,  and  of  both  sexes,  the  average  length 
from  tip  of  tail  to  dorsal  edge  <rf  the  mantle  was  6'96 
inches :  from  tip  of  tail  to  insertion  of  fin,  2'59 ;  average  pro- 
portion <rf  fin  to  mantle-length.  1 :  2*68.  Among  these  the 
proix>rtions  Taried  from  as  low  as  1 : 2'oO.  in  some  of  the 
larger  ones,  (with  mantle  above  8  inches),  up  to  1 : 2'85,  in  the 
smaller  ones,  (with  the  mantle  aboat  4  inches  long).  The  cau- 
dal fin  is  about  one-third  broader  than  long,  and  its  breadth  is 
asoallv  rather  le«  than  half  the  length  of  the  mantle.  In 
fr^sh  specimens  the  tentacles  can  extend  back  beyond  the  base 
of  the  caudal  fin.  The  portion  of  the  tentacles  bearing  suck- 
ers is  always  less  than  half  the  whole  length.  The  relative 
size  of  the  suckers  varies  greatly  in  both  sexes,  perhaps  in 
connection  with  the  renewal  of  their  homy  rings,  periodically. 
In  the  male  of  our  species  the  left  ventral  arm  is  strongly 
hectocotylized,  nearly  as  in  Loligo.  Toward  the  tip  the  suck- 
ers of  the  outer  row,  for  some  distance,  have  their  pedicels 
larger  and  longer,  with  swollen  bases,  while  the  suckers  them- 
selves gradually  become  smaller  till  they  nearly  or  quite  dis- 
appear, and  then,  close  to  the  tip,  they  again  become  normal. 

TaoniiLs  pavo  Steenstrup.     (Peacock  squid). 

Loliifo  pavo  Leeueur,  Journal  Acad.  Nat  Scienoe  Phfla.,  ii  p.  96,  Plata,  1821. 
LoUgaimt  pavo  Feruaaac  and  D*Orb.,  G^ph.  Ac^t.  p.  321,  PL  4,  figs.  1-8,  (aftar 

Leeueor).     Binnej,  in  Gould.  Invarl  XCass.,  ed.  U,  p.  309,  (but  not  the  figure, 

PL  xxvi).     Tryon,  Man.  GondL,  i,  p.  163,  PL  68,  fig.  252,  PL  69,  fig.  253, 

1879,  (figurea  copied  firom  Leeneur  and  D*Orb.). 
TaaniuM  pavo  Steen^L,  Oreraigt  K^  Danaka  Yidenak.  Selsk.  Forh.,  1861,  pp. 

70  and  85. 

Sandy  Bay,  Mas&  (Lesueur).  Newfoundland  (Steenstrup). 
No  instance  of  the  occurrence  of  this  oceanic  species  on  the 
New  England  coast  has  been  recorded  since  the  original  speci- 
men was  described  by  Lesueur,  in  1821. 

Taonius  hyperboreus  Steenstrup.     (Goggle-eyed  squid). 

Leachia  hyperboreus  Steenstrup,  Kongelige  Danske  Vidensk.  Selsk.  Skrifter,  5ta 

Raekke,  iv,  p.  200,  1856,  (sep  copies,  p.  16). 
TcumiuB  hyperboreus  Steenst,  Oyereigt  Kgl.  Danske  Vidensk.  Selsk.,  ForhandUn- 

ger,  1861,  p.  83.     Verrill,  this  Journal  ivii,  p.  243,  1879. 
Loligopsxs  hyperboreus  Tryon,  op.  cit.,  p.    162,  (inaccurate  translation,  after 

Steenstrup). 

Near  the  northern  edge  of  the  Gulf  Stream,  W.  long.  56^ 
Jan.,  1879  (Thonaas  Lee).     Greenland  (Steenstrup). 

Htstioteuthis  Collinsii  Verrill.     (Webbed  squid). 

This  Journal,  ivii,  p.  241,  March,  1879.  Tryon,  op.  cit,  i,  p.  166,  1879,  rcopied 
from  preceding).  Verrill,  Trans.  Conn.  AcsmL,  v,  p.  234,  Plates  zzii  ana  zxvi 
Feb.,  1879. 
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Plate  XIV. 

The  only  specimen  known  was  obtained  from  the  stomach  of 
a  large  fish  {Alepidosaurus  ferox\  taken  by  Capt  J.  W.  Collins 
and  crew  of  the  schooner  **  Marion/*  in  deep  water  off  Nova 
Scotia,  N.  lat.  42^  49' ;  W.  long.  62°  57'. 

Boasia  Hyatti  Verrill.     (Hyatt's  bob* tailed  squid). 

This  Journal,  yoL  zri,  p.  208,  Sept,  1878.    TryoD,  Man.  Oonoh.,  i,  p.  166,  1879, 
(description  compiled  from  preceding). 

Plat£  XV,  figures  1  and  2. 

This  species  has  been  taken  in  numerous  localities,  by  the 
dredging  parties  of  the  U.  S.  Fish  Commission,  in  1877,  1878 
and  1879,  off"  Cape  Cod ;  in  Mass.  Bay ;  off  Cape  Ann,  in  the 
Gulf  of  Maine ;  off  Cape  Sable,  N.  S. ;  and  off  Halifax,  N.  S. 
It  occurs  in  40  to  150  fathoms.  Its  relatively  large  eggs  are 
laid  in  small  clusters  in  the  large  oscules  or  cavities  of  several 
species  of  sponges.  It  has  also  been  received  through  the 
Gloucester  halibut  fishermen,  from  the  Banks,  off  Nova  Scotia. 

This  species  has  a  strong  general  resemblance  to  R,  glaucopis 
Lov6n,  as  figured  in  the  admirable  work  of  G.  O.  Sars,  but  the 
latter  has  snorter  lateral  arms,  and  the  suckers  of  the  sessile 
arms  are  in  two  rows,  while  they  are  four-rowed  in  our  species. 

Bossia  svblevis  Verrill.     (Smooth  bob-tailed  squid). 

Ro$na  6ubkBvi$  Yerrill,  this  Journal,  zri,  p.  209,  1878.    Tryon,  Man.  Conch., 
i  p.  160,  1879,  (description  compiled  from  preceding). 

Plate  XV,  figure  3. 

Taken  by  the  dredging  parties  of  the  U.  S.  Fish  Commis- 
sion in  the  trawl-net,  at  numerous  localities,  in  1877,  1878  and 
1879,  in  50  to  140  fathoms,  off  Mass.  Bay  ;  in  Mass.  Bay ;  off 
Cape  Cod ;  off  Cape  Sable,  N.  S. ;  and  off  Halifax.  Also 
recently  brought  in  by  the  Bank  fishermen,  of  Gloucester. 

Sepiola  leucoptera  Verrill.     (Butterfly  squid). 

Sepiola  leucoptera  Yerrill,  this  Journal,  vol  xvi,  p.  378, 1878.  Tryon,  Man.  Conch., 
1,  p.  158,  1879,  (description  copied  from  preceding,  with  remarks.) 

Plate  XV,  figures  4  and  6. 

Three  specimens  were  taken  by  the  U.  S.  Fish  Com.,  in  the 
trawl-net,  30  miles  east  from  Cape  Ann,  Mass..  110  fathoms, 
August,  1878.  One  specimen  was  taken  off  Cape  Cod,  128 
fathoms,  with  the  bottom  temperature  41°  F.,  August,  1879. 

The  last  named  specimen,  (Plate  xv,  fig.  6)  when  fresh  was 
about  81°*"  long,  exclusive  of  the  arms.  In  this  the  head,  above,  in 
front  of  the  eyes,  was  white :  back  and  the  base  of  the  6ns  thickly 
spotted  with  brown ;  posterior  part  of  the  back  with  an  emer- 
ald-green iridescence.  Sides  of  the  body,  below  the  fins,  and 
posterior  end  of  the  body,  silvery  white.  A  large  shield-shaped 
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yentral  area  of  brown,  with  a  bright  blue  iridescence,  and 
bordered  with  a  band  of  brilliant  blue,  occupies  most  of  the 
lower  surface.  Fins  transparent,  whitish,  except  at  base. 
Lower  side  of  head,  siphon  and  outer  bases  of  arms,  light 
brown.  Eyes  blue  above,  green  below.  The  fins  are  large, 
nearly  as  long  as  the  body. 

LoUgo  PecUd  Lesueur.     (Long-finned  squid.) 

JooTD.  Acad.  Nat  ScL  PhflidL,  toL  ii  p,  93,  Rale  8.  1821. 

FAnissac  and  D'Orbigny,  C^ph.  Aoet^  p.  311,  PL  xi,  figs.  1-5,  PL  xx,  figs.  17-21. 
Binnej  in  Gould's  Inyert  Mass.,  ed.  2,  p.  514,  PL  25,  fig.  340,  (figure  errone- 
ouaij  referred  to  O.  Bartrttmu).  Verhll,  Report  on  Invert.  Vinejard  Sd., 
pp.  440,  635  (sep.  copies,  p.  341^  PL  xz,  figs.  102-105,  1877.  Tryon,  Mao. 
OoDch.,  I,  p.  142,  PL  61,  figs.  134-140,  (figs,  from  Per.  and  D*Orb.) 

LoHgoptmdaUi  Dekaj,  Nat  Hist  K.  Y.,  MoUnsca,  p.  3,  PL  1,  fig.  1,  1843,  (young.) 

South  Carolina  to  Massachusetts  Bay. 

This  is  the  common  squid  from  Cape  Hatteras  to  Cape  Cod. 
In  Long  Island  Sound  and  Vineyard  Sound  it  is  very  abun- 
dant, and  is  taken  in  large  numbers  in  the  fish-pounds  and 
seines.  It  is  comparatively  scarce  north  of  Cape  Cod.  Large 
specimens  were  tasen  in  the  pounds  at  Provincetown,  Mass., 
August,  1879.  As  in  all  other  squids,  the  length  of  the  caudal 
fin,  in  proportion  to  that  of  the  body  (mantle),  increases  with 
age,  even  after  maturity.  For  this  species,  in  specimens  hav- 
ing the  mantle  from  4  to  5  inches  long,  the  ratio  of  the  fin  to 
the  mantle  usually  varies  from  1 :  1*80  to  1: 1'OO ;  with  the  man- 
tle 6  to  7  inches  long,  the  ratio  usually  becomes  1:1'65  to 
1:1-75;  in  the  largest  specimens,  with  the  mantle  10  to  13 
inches  long,  the  ratio  vanes  from  1 :  1*56  to  1 :  1*70.  This  varia- 
tion is  independent  of  sex,  and  is  due  mostly  to  the  ordinary 
changes  by  growth.  The  ratio  of  the  breadth  of  the  caudal 
fin  to  the  length  of  the  mantle,  in  the  larger  specimens,  ranges 
from  1 :  2*15  to  1:2*40,  varying  considerably  according  to  the 
mode  of  preservation.  The  suckers  in  the  two  central  rows  of 
the  tentacular  club,  are  large  and  remarkably  high  ;  the  rim  is 
closely  and  sharply  denticulated,  one  or  three  minute  denticles 
alternating  with  the  larger  ones. 

Var.  borealis  Verrill.  Four  specimens,  taken  in  1878,  at 
Annisquam.  Mass.,  on  the  north  side  of  Cape  Ann,  and  sent 
to  me  by  Professor  A.  Hyatt,  difi'er  so  decidedly  from  the 
typical  ones  that  it  seems  desirable  to  give  the  form  a  distinctive 
name,  as  a  variety  or  geographical  race.  Two  are  females,  filled 
with  eggs.  When  a  larger  series  can  be  examined  it  may  even 
prove  to  be  a  distinct  species.  They  have  the  general  form  and 
appearance  of  the  pale-colored  L.  Pealei^  with  the  caudal  fin 
broader  than  usual.  Ratio  of  fin-length  to  mantle,  1 : 1  '62 ;  of  fin- 
width  to  mantle-length,  1 :  1*82.  Length  of  mantle,  above,  in  one 
female,  7*80  inches ;  of  caudal  fin,  4*5 ;  to  end  of  longest  sessile 
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arms,  10'7.  The  anterior  dorsal  lobe  of  the  mantle-edge  is  larger 
and  longer  than  usual,  and  the  *p)en/  while  having  the  general, 
form  of  that  of  L.  PeaUi^  tapers  more  gradually  anteriorly,  and 
has  a  narrower,  more  tapered,  more  acute  and  stifier  ante- 
rior tip.  But  the  most  obvious  peculiarity  is  the  unusual 
smallness  of  the  suckers,  both  of  the  tentacles  and  short  arms, 
which  are  little  more  than  half  as  large  as  those  of  typical  L, 
Pealei  of  the  same  siza  The  largest  of  the  median  suckers  of 
the  tentacular  club  are  only  2"*™  in  diameter  of  aperture ;  the 
largest  of  those  on  the  8d  pair  of  arms^  1-5"".  The  rims  of 
the  suckers  are  white,  and  their  denticulation  is  similar  to  that 
of  the  typical  form,  but  finer. 

Loligo  pallida  Verrill.     (Pale  long-finned  squid). 

Report  on  Invert.  Viney.  Sd.,  in  Rep.  U.  8.  Com.  Fiah  and  Fisheries,  i,  p.  636, 
[341],  PL  xx»  figs.  101,  101a,  1873.  Tryon,  op.  dt  p.  143,  PL  62,  figs.  141, 
142,  (des.  and  %8.  oopied  from  preceding). 

This  is  closely  allied  to  L.  Pealei,  and  may  finally  prove  to  be 
only  a  geographical  variety  of  it,  but  among  the  very  numerous 
specimens,  of  Doth  forms,  that  I  have  already  examined,  I  have 
not  found  intermediate  ones.  The  principal  diflerences  are  the 
larger  and  flatter  median  suckers  of  the  tentacular  clubs,  which 
also  have  darker  colored  and  more  strongly  denticulate  rims ; 
the  larger  suckers  of  the  sessile  arms  ;  a  stouter  body  in  both 
sexes ;  a  larger  and  broader  caudal  fin,  the  ratio  of  the  breadth 
of  the  fin  to  the  mantle-length,  in  the  larger  specimens  (with 
mantle  7  to  9  inches  long),  being  from  1 :  1*80  to  1 :  1*95,  while 
in  L.  Pealei,  of  corresponding  size,  the  ratio  is  1 :  2*15  to  1 : 2 '80. 

This  form  has  been  received,  hitherto,  only  from  the  western 
part  of  Long  Island  Sound,  where  it  is  abundant,  with  the 
schools  of  menhaden. 

Parasira  caienulata  Steenstrup. 

Octopus  ivbereulatus  Ris8o(?),  Hist.  nat.  de  TEur.  merid.,  iv,  p.  3, 1826  (t  D'Orbig.) 
Odofma  catenidattu  F^nissac,  Poulpes,  PL  vi,  bis,  ter.,  1828  (t.  D'Orbig.) 
Philanexit  (uherculaiua  ¥6t.  and  D'Orbig.,  C^ph.  Ac^t,  p.  87,  PL  vi,  bis,  ter. 

A  fine  specimen  of  this  interesting  species  was  taken  in 
Vineyard  Sound,  Mass.,  by  Mr.  V.  N.  Edwards,  in  1876.*  It 
was  not  known  previously  from  the  American  coast,  and  has 
been  regarded  as  peculiar  to  the  Mediterranean.  The  total 
length  of  this  specimen  is  8  inches ;  of  mantle,  2  ;  circumfer- 
ence of  body,  6  ;  length  of  dorsal  arms,  from  eye,  54 ;  of 
second  pair,  8*7;  of  third  pair,  8*80;  of  fourth  pair,  5*80. 
Color,  above,  deep  violet ;  beneath,  yellowish.     The  remark- 

*This  is  the  same  specimen  that  was  referred  to  under  Octopus  granulatus^  in 
this  Journal,  zri,  p.  210,  1878.  The  specimen  had  beenmi^id,  and  at  that  time 
was  not  to  be  found.  It  was  recorded  from  memory,  and  only  an  imperfect  exam- 
ination of  it  had  been  made  when  received. 

Am.  Joub.  8oi.--Thibd  Sbbibs,  Vol.  XIX,  No.  112.~AFBn.,  1880. 
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able  tubercles  of  the  ventral  sotCbu^  mostly  have  five  ridges 
con  verging  to  each,  rarely  six.  In  all  other  respects  it  agrees 
with  the  figures  of  Ferossac  and  D*Orbigny.  According  to 
Targioni-Tozzetti,  P.  eatenulata  is  distinct  from  P,  tuberhdaku 
If  so,  onr  species  should  bear  the  former  name.    * 

Octopus  Bairdii  Verrill.     (Baird's  Octopus.) 

This  Journal,  toL  t,  pi  5,  Jul,  1873;  American  Natoralist)  voL  vii  p.  394,  fig& 
76,  77,  1873 ;  Amer.  Assoc:  for  Adr.  Sd.  for  1876,  p.  348*  PL  1,  fig&  1,  2, 
1874.  O.  O.  Sara,  Mollnsca  Regionis  Arctkas  Koiregue,  p.  339,  PL  33,  fig& 
1  to  10,  (  9  )  PL  ZTU,  figs.  8*  to  S'  (dentition  and  jaws).  1878.  Trjon,  Man. 
CondL,  i  p.  116,  PL  32,  figs.  37,  38  (description  and  figures  from  the  papers 
hf  A.  K.  V.) 

In  addition  to  the  localities  previously  given,  this  species  has 
been  taken  in  numerous  localities  off  tne  coasts  of  Massachu- 
setts and  Nova  Scotia,  by  the  dredging  parties  of  the  U.  S. 
Fish  Commission,  in  1877,  78  and  '79.  It  is  common  in  50  to 
150  fathoms,  both  on  muddy  and  on  hard  bottouL  Both  sexes 
occur,  the  females  less  frequently.  The  sexes  shov^  but  little 
difference,  except  the  hectocotylized  third  right  arm  of  the  male. 

The  Gloucester  fishermen  have  brought  in  several  specimens 
from  the  banks,  off  Nova  Scotia  and  Newfoundland. 

Professor  6.  O.  Sars  has  taken  it,  off  the  Norwegian  coast,  in 
60  to  300  fathoms. 

Octopus  piscatorum  Verrill.     (Fishermen's  Octopus.) 

This  Journal,  yoL  zriii,  p.  470,  Dec,  1879. 

Two  specimens  of  this  species,  both  females,  have  been  ob- 
tained. The  first  was  from  LeHave  Bank,  off  Nova  Scotia, 
120  fathoms,  taken  by  Capt  John  Mclnnis  and  crew,  of  the 
schooner  "M.  H.  Perkins,  Oct.,  1879;  the  second  was  taken 
by  Capt  David  Campbell  and  crew,  of  the  schooner  "Admiral," 
near  the  Grand  Bank,  in  200  fathoms,  Dec,  1879. 

This  species  resembles  0.  Oronlandicus,  of  which  the  males 
alone  have  been  described,  and  may  prove  identical. 

Octopus  obesus  Verrill.     (Stout  Octopus.) 

This  Journal,  vol  xix,  p.  137,  Feb.,  1880. 

One  male,  taken  in  160  to  300  fathoms,  east  of  Sable  Island, 
N.  S.,  by  Chas.  Ruckly,  of  the  schooner  "H.  A.  Duncan." 

Octopus  lentus  Verrill.     (Soft  Octopua) 

This  Journal,  vol.  xix,  p.  138,  Feb.,  1880. 

One  specimen  only,  a  female,  presented  by  Capt.  Samuel 
Peeples  and  crew,  of  the  schooner  *'H.  M.  Perkins."  It  was 
taken  near  LeHave  Bank,  N.  S.,  in  120  fathoms. 

Stauroteuthis  syrtensis  Verrill.     (Webbed  devil-fish.) 
This  Journal,  voL  xviii,  p.  468,  Dec.,  1879. 
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Plate  XVI,  figs.  1  to  5. 

The  only  known  specimen  of  this  curious  species  was  taken 
I  N.  lat.  43°  54';  W.  long.  58^  44',  about  80  miles  E.  of  Sable 
sland,  N.  S.,  in  250  fathoms,  by  Oapt.  Melvin  Gilpatrick  and 
rew,  of  the  schooner  "Polar  Wave,    Sept,  1879. 

EXPLANATION  OP  THE  PLATES. 

platb  xn. 

rehitaUhis  princepa  V.  (No.  14).  General  figure ;  from  the  recently  preserved 
specimen ;  restored,  in  part,  in  accordance  with  the  measurements  of  the  freshly 
caught  specimen ;  iV  natural  size.    Drawn  bj  the  author. 

Plate  XIIL 

gore  I. — ArehiteuQiia  Harveyi  (No.  6).  Head  and  arms,  i  natural  size,  from  a 
photograph  of  the  specimen  when  freshly  caught.  The  back  of  the  head  rests 
upon  an  oar  so  as  to  cause  the  beak  to  protrude,  while  the  arms  hang  down  in  a 
reversed  position.  The  diameter  of  the  bathing  tub  was  38*6  inches:  a,  left, 
and  a',  right  ventral  arms;  &,  left,  and  I/,  right  arms  of  the  third  pair;  e,  left, 
and  efj  right  arms  of  the  second  pair ;  d',  right  dorsal  arm,  mostly  concealed  be- 
hind the  others ;  e,  left  and  e',  right  tentacular-arms,  folded  several  times  over 
the  oar;  i  to  tv,  the  '  dub' ;  i  to  it,  the  '  wrist';  it  to  tit,  the  part  bearing iarge 
suckers ;  in  to  iv,  the  terminal  division ;   o,  the  beak. 

igure  2. — ^Part  of  the  body  and  caudal  fin  of  the  same  specimen,  i  natural  size, 
from  a  photograph  made  at  the  same  time  with  the  preceding ;  u,  mantle  cut 
open ;  t,  tip  of  tail ;  &,  right  and  2,  left  lateral  lobes  of  caudal  fin. 

Plate  XIV. 

'isHoteuthis  CoUinsii  Yerrill.  Side-view  of  the  head  and  arms ;  from  the  preserved 
specimen,  ^  natural  size.    Drawn  by  J.  H.  Emerton. 

Plate  XV. 

igur9  1. — Rossia  HyatH.    Dorsal  view,  enlarged  l^. 

igure  2. — The  same.    A  young  specimen,  eidarged  \\. 

igure  3. — Rossia  sublevis.    Ventral  view,  enlar^d  l-J. 

igure  4. — Sepiokt  leucoptera.    Young,  ventral  view,  enlarged  3  diameters. 

ig^ure  5. — The  same.     A  larger  specimen,  taken  in  1879,  enlarged  1^. 

Plate  XVI. 

igure  1. — Stawoieuthis  syriensis.    Dorsal  view,  -^  natural  size. 

igure  2. — The  same.    Lower  side  of  head ;  *,  siphon  ;  «,  eye ;  o,  the  pore. 

igure  3. — ^The  same.    The  siphon,  turned  back. 

igures  4  and  6. — The  upper  and  under  jaws  of  the  same,  enlarged  2}  diameters. 


^RT.    XXXV. — Notices  of  Recent  American  Earthquakes,     No. 
9 ;  by  Professor  C.  G.  EocKWOOD,  Jr.,  Princeton,  N.  J. 

• 

In  these  notices,  as  heretofore,  those  based  upon  single  news- 
aper  items,  and  which  could  not  be  otherwise  verified,  are 
rinted  in  smaller  type,  and  the  source  of  the  information  is 
idicated. 

I  must  again  express  my  indebtedness  for  information  re- 
eived,  to  J.  M.  Batchelder,  Esq.,  of  Boston,  to  the  U.  S. 
lonthly  Weather  Eeview,  and  also  to  President  J.  W.  Dawson 
f  Montreal,  Professor  F.  E.  Nipher  of  St  Louis,  and  Professor 
I.  A.  Eice,  of  Burlington,  Vt. 


IM     C  G.  Bodkmmd^  J^.—lUemi  AmgHeam  EarAfmak^ 

1%T%  Jvne  9.  A  flMck  at  Gfaasda,  Xiemngia,  at  4.30  p.  m., 
dbeetkn  X.W.  to  S.K,  dantioii  aercDtccn  feeonda.  This  b  eri- 
dentlj  tlw^  taune  fhoek  air»d j  reported  at  San  Joa^  Costa  Rica. 
— ^lU,  xtH,  pu  I W. 

June  19.  Two  serere  siiockft  at  Ceno  de  Pasco,  Pern. 

June  17.  A  slight  9lioek  at  Granaday  Nicaragua,  at  11.15  A.X., 
diic:ctioD  X.W.  to  S.E^,  duratioo  deren  8ccoiid& 

June  19.  A  «eTere  shock  at  Ceiro  de  Pasco,  Fern  at  1.30  a.  m. 

Oct.  3L  At  San  Jo«^,  Coaia  Rica,  a  Terj  feeble  shock  at  9.30 


Not.  3.  At  the  same  i^ace,  a  feeble  shock  at  5.30  p.  x. 
Not.  8.  At  the  same  place,  a  feeble  shock  at  8.15  p.  m. 
Not.  23.  At  the  same  place,  a  quite  strong  shock. 
Hot.  12.  At  Cnaluia  Iilud,  AlMfca,  a  digfat  dkock  at  230  a.  m.— CT.  S. 


Not.  18.  For  additional  notices  of  the  earthquake  on  this  day 
in  Missouri,  (already  reported,  HI,  xrii,  pu  102),  see  yoL  xvii,  p. 
260.' 

Not.  20.  A  brief  shock  at  Alajoela,  Costa  Rica,  at  1.40  a.  m. 

Dec.  9.  A  severe  shock  at  Red  Blof^  CaL,  at  3.20  p.  m.,  lasting 
fifteen  or  twenty  seconds. 

Dec.  17.  A  slight  shock  at  Tnma,  Arizona,  at  4  p.  m.,  lasting 
eight  seconds ;  felt  also  at  Campo,  CaL,  where  two  shocks  were 
reported,  lasting  aboot  two  seconds,  direction  from  S.  W.,  with 
mmbling  noise. 

Dec.  24.  A  slight  shock  at  9  P.  M.  at  Fhishmg,  K.  Y.,  from  N.  to  S.,  with  nun- 
bliog  Doise. —  U.  S.  Weaiher  Renew. 

Dec.  28.  A  slight  shock  at  Schoharie,  N.  Y.,  at  9.32  p.  m.  ;  felt 
also  in  other  towns  north  of  there,  to  a  distance  of  15  miles. 

1879,  Jan.  9.    A  severe  shock  at  Arequipa,  Peru,  at  11.60  p.  m. 

Jan.  12.  At  Iquiqae,  Pern,  a  long  and  violent  shock  about  mid- 
night, with  sabterranean  noise. 

Jan.  12.  Apparently  simultaneous  with  the  above,  a  severe 
shock  was  felt  in  northern  and  central  Florida.  It  occurred  about 
11.45  p.  M.  and  aflfected  the  country  bounded  on  the  north  by  a 
line  joining  Tallahasse  and  Savannah,  Ga.,  and  on  the  south  by  a 
nearly  parallel  line  from  Punta  Rassa  on  Tampa  Bay  through 
Okahumpka  in  the  interior,  to  Daytona  on  the  Atlantic  coast 
At  most  places  two  shocks  were  noticed,  lasting  altogether  about 
thirty  seconds.  The  statements  of  directions  are  very  discordant, 
with  however  an  apparent  preference  for  N.W.  and  S.E.  This 
direction  agrees  pretty  well  with  the  statements  of  time,  which 
vary  from  11.40  and  11.45  at  Lake  City  and  Jacksonville,  to  11.50 
at  Savannah  and  Daytona,  11.55  at  St.  Augustine  and  Gulf  Ham- 
mock, and  12  p.  M.  at  Okahumpka,  thus  roughly  indicating  a 
progress  from  N.W.  to  S.E.  The  reports  are  not  sufBciently 
exact  to  form  a  basis  for  any  estimate  of  velocity. 
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Jan.  30.  A  strong  shock  between  10  and  11  a.  x.  at  Golima,  Mexico. — U.  S, 
Weather  Beview, 

Feb.  4.  A  shock  at  Visalia,  CaL,  at  0^-8™  a.  m.,  lasting  five 
seconds,  with  rambling  noise,  and  seven  seconds  later  a  second 
heavier  shock  lasting  nine  seconds.  The  motion  '*  appeared  to 
come  from  the  S.K  or  E.,"  and  was  felt  in  the  surroanding  coun- 
try. 

Feb.  12, 18,  26.  At  San  Jos6,  Costa  Rica,  feeble  shocks  on  12th 
at  10.46  p.  M. ;  on  18th  at  3.10  a.  m.  ;  on  26th  at  6.00,  6.10,  and 
6.30  A  M.,  with  a  stronger  one  at  4.40  p.  m. 

Feh.  19.  A  shock  at  San  Francisco,  CaL,  a  few  minntes  after  6  ▲.  if. — N.  7. 
Times. 

March  18.  A  strong  shock  at  Alajuela,  Costa  Rica,  at  0.15  a.  m. 
and  at  San  Jos^  at  0.17  a.  m.,  oscillations  E.  to  W.,  lasting  ten 
seconds. 

March  25.  A  shock  was  felt  about  7.30  p.  m.  along  the  Delaware 
River  below  Philadelphia.  It  extended  from  Chester,  Pa.,  to 
beyond  Salem,  N.  J.,  a  distance  of  about  30  miles,  being  felt  most 
strongly  on  the  east  side  of  the  river,  where  it  was  accompanied 
by  a  noine  resembling  thunder. 

April  3,  4.  At  San  Jos6,  Costa  Rica,  at  11.25  a.  m.  on  the  3d,  a 
feeble  shock ;  and  at  11.44  a.  m.  of  the  4th,  two  strong  shocks  with 
an  interval  of  five  to  seven  seconds.  At  2  p.  m.  of  the  same  day 
a  shock  was  felt  at  Puntarenas. 

April  9.  At  San  Jos6,  Costa  Rica,  two  shocks  at  11.15  and 
11.34  A.  M.,  the  first  and  stronger  one  lasting  about  twenty  sec- 
onds. The  same  shocks  were  reported  from  Alajuela  at  11.07  and 
11.25  A.  M. 

April  14.  A  shock  at  Norfolk,  N.  Y.,  at  11.15  a.  m.,  from  W.  to 
£.,  lasting  about  forty  seconds. 

May  16  or  17.  An  earthquake  in  the  morning  at  Vera  Cruz, 
Mexico,  and  inland  to  Cordova  and  Orizaba.  I  have  this  from  two 
sources  differing  in  the  day,  although  evidently  referring  to  the 
same  shock. 

May  25.  At  5.30  p.  m.,  a  rather  heavy  shock  at  St.  Georges, 
Bermuda ;  felt  also  about  the  same  hour  in  the  islands  of  Porto 
Rico,  St,  Croix  and  Tortola,  the  nearest  part  of  the  Antilles. 

May  26.  Slight  shock  at  Princeton,  CaL,  at  8.40  p.  if. — U.  S.  Weather  Review. 

May  29,  30.  On  the  night  between  these  days,  at  6.30  p.  m.  and 
1.30  A.  M.,  severe  shocks  occurred  in  Costa  Rica,  destroying  some 
houses  at  San  Jos6,  Alajuela  and  Grecia,  and  felt  more  lightly  at 
Aspinwall,  Panama  and  other  places. 

June  3.  At  9.32  a.  m.  on  Atka  Island,  Alaska,  eight  sharp  shocks 
in  rapid  succession,  lasting  about  two  seconds  each,  direction  S.SE. 
to  N.NW. 

June  11,  12.  A  light  shock  at  10  p.  m.  felt  at  Montreal  and  east 
and  southeast  from  there  as  far  as  Waterloo  and  Frelighsburg. 
At  Montreal  it  is  described  as  '^oud  rumbling,  slight  shock  and 
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oontiijuation  of  rumbling."  The  direction  was  said  to  be  N.  to  S. 
Some  persons  reported  a  second  light  shock  and  rambling  at  2 
A.  M.  on  the  12th. 

June  — .  The  Sacramento  (CaL)  Union  of  June  28,  speaks  of  a 
"  recent  earthquake  at  Virginia  City,"  (Nev.)  which  was  felt  at 
the  surface  but  not  in  the  deeper  mines.  No  more  exact  account 
has  been  obtained." 

July  11.  Two  severe  shocks  at  Bogota,  Colombia,  the  first  about 
9  p.  M.,  lasting  ten  seconds,  the  second  about  11  p.  m.,  lasting 
thirty  seconds.  They  were  accompanied  by  a  slight  run^bling 
noise;  direction  S.W.  to  N.E.  The  damage  to  property  was 
slight. 

July  26.  A  shock  at  Cairo  and  Mound  City,  111.  at  11.45  a.  m., 
lasting  three  seconds.     Motion  N.  to  S. 

July  30.  A  violent  shock  at  St.  Thomas,  (West  Indies)  at  11.36  a.  x.,  lasting 
forty  seconds. — Nabwre, 

Aug.  1.  A  sharp  shock  at  St.  Thomas,  (West  Indies). — J.  M.  B. 

Aug.  10.  A  severe  shock  was  felt  at  Dominica,  (West  Indies), 
''at  1.20  A.  M.,  and  at  intervals  until  1.52  there  were  tremulous 
movements  of  the  earth."  A  noise  accompanied  the  first  shock, 
after  which  "  there  was  an  interval  of  perfect  quiet  until  1.80  when 
subterranean  noises  like  the  booming  of  distant  guns  attracted 
attention ;  and  then  at  intervals  varying  from  two  to  five  minutes, 
six  of  these  discharges  were  counted,  and  following  each  there 
came  a  gentle  tremulous  movement."  Dominica  is  stated  to  be 
"  essentially  of  volcanic  origin  and  contains  three  active  geysers." 
— From  a  letter  in  NaJture^  xx,  p.  431. 

Aug.  10.  At  1.16  p.  M.  a  very  light  shock  at  Los  Angeles  Cal. ; 
stronger  and  followed  by  a  tidal  wave  at  St.  Monica  13  miles 
west ;  and  quite  severe  at  San  Fernando  about  the  same  distance 
north. 
Aug.  18.  A  shock  at  Fiske's  Mills,  Sonoma  countj,  California.— 1/[  M.  B, 
Aug.  21.  The  country  between  Lakes  Erie  and  Ontario  was 
severely  shaken  about  3  a.  m.  The  earthquake  was  reported  from 
Buffalo,  Lockport  and  Niagara,  on  the  New  York  side,  and  from 
various  places  as  far  west  as  Beamsville  and  Welland  on  the  Can- 
ada side.  At  most  places  an  explosion  was  heard  and  at  St.  Cath- 
arines the  shock  was  strong  enough  to  cause  the  church  bell  to 
make  two  taps.  The  time  stated  at  Buffalo  and  Lockport  is  ^'  1.30 
to-day."  It  not  an  error,  this  would  indicate  another  shock. 
Inquiry  failed  to  remove  the  uncertainty.  No  report  mentioned 
two  shocks. 

Sept.  24.  A  violent  shock  occurred  in  the  southern  part  of  Ice- 
land, being  most  severe  near  Krisuvfk.  Slight  local  earthquakes 
had  frequently  occurred  at  Krfsuvfk  during  the  previous  eighteen 
months. 

Sept.  25.  A  shock  at  9.10  p.  m.  at  Memphis,  Tenn.,  lasting  six 
seconds,  direction  N.W.  to  S.E.    It  was  felt  also  at  Gayoso,  Mo., 
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where  "  the  soand  appeared  to  be  in  the  S.W.  and  the  vibration 
to  travel  to  the  N." 

Oct.  2.   A  sharp  shock  at  6.30  ▲.  m.,  felt  at  Oakland  and  other 

places  around  San  Francisco  Bay. 

Oct  2.  A  strong  shock  in  the  mornfaig  at  Arequipa,  Peru,  lasting  thirty  seconds. 
— U.  &  Weather  Review. 

Oct.  24.  At  New  Haven,  Conn.,  at  6.12  p.  m.  two  slight  shocks, 
felt  also  at  Bridgeport. 

Oct  26.  Two  shocks  at  10.30  P.  K.  at  Peterboro,  N.  H. — J.  JL  B. 

Oct  26.  A  slight  shock  at  Winsborough,  a  G.^U.  S.  Weather  Review. 

Nov.  3.  A  slight  shock  at  Contoocook,  N.  H.,  at  y.l5  a.  m. 

Nov.  13,  14,  15,  16.  Numerous  shocks  in  Valparaiso,  Cbm-^Landon  Tifines. 

Not.  18.  A  slight  shock  at  10.40  ▲.  M.  in  Costa  Rica.— 27.  8.  Weather  Review. 

Nov.  25.  A  slight  shock  at  Boise  City,  Idaho,  lasting  about  two 
seconds,  vibration  E.  to  W. ;  felt  also  at  Idaho  Citv,  35  miles  north, 
where  another  faint  shock  was  noticed  on  the  26tn. 

Dec.  7.  A  slight  shock  at  Los  Angeles,  Gal.,  at  8.15  P.  K.,  lasting  about  two 
seconds. —  U,  S.  Weather  Review. 

Dec.  12,  13.  Two  distinct  shocks  from  W.  to  E.  at  7  p.  m.  of  the 
12th,  and  2  a.  m.  of  the  13th,  were  felt  at  Charlotte,  S.  C,  and  in 
the  suiTounding  country  within  a  radius  of  eleven  miles. 

Dec.  21.  In  the  district  of  San  Salvador,  C.  A.,  was  felt  the  first 
of  a  series  of  earthquakes  which  continued  with  greater  or  less 
violence  up  to  and  after  Jan.  1,  1880.  Shocks  of  especial  severity 
occurred  on  Dec.  27,  and  at  La  Libertad  at  7.30  p.  m.  on  Jan.  1. 
Fears  were  entertained  for  the  safety  of  the  capital  and  other 
towns  in  the  interior.     Fuller  details  are  hoped  for  in  due  time. 

Dec.  29.  A  shock  at  Yankton  and  Fort  Sully,  Dakota,  at 
12.30  A.  M.  with  rumbling  noise. 

1880,  Jan.  9.  A  shock  about  the  Bay  of  Monterey,  Cal.,  felt  at 
Santa  Cruz,  Gonzales  and  HoUister,  about  5.45  a.  m.,  lasting  15  to 
20  seconds,  direction  N.E.  to  S.W. 

Jan.  22,  23.  Severe  shocks  were  felt  at  Key  West,  in  Havana 
and  the  western  part  of  Cuba  and  in  the  Isle  of  Pines.  The  prin- 
cipal and  most  widely  felt  shocks  occurred  about  11  p.  m.  of  the 
22d  and  4  a.  m.  of  the  23d  ;  with  others  more  local  in  character 
about  9  p.  M.  of  the  23d,  4  a.  m.  and  1  p.  m.  of  the  26th,  and  on 
the  morning  of  the  29th.  No  damage  was  done  at  Havana,  but 
at  Vuelta  Abajo  and  San  Christobal,  twelve  miles  distant,  many 
buildings  were  thrown  down  and  some  lives  lost.  The  direction 
of  motion  was  S.W.  to  N.E.,  and  a  subterranean  roaring  was 
heard. 

Feb.  8.  A  slight  shock  near  Ottawa,  between  8  and  9  P.  if. — K  Y.  Tribune. 

Feb.  23,  24.  Light  shocks  at  San  Christobal,  Cuba,  at  Q.^0  p.  m. 
and  3.20  a.  m.,  the  latter  accompanied  by  an  explosive  noise. 

Princeton,  N.  J.,  March  2,  1880. 
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Art.  XXXVI. — Observations  on  the  Height  of  Land  and  Sea 
Breezes,  taken  at  Coney  Island  ;  by  O.  T.  Sherman. 

The  following  observations  were  taken  at  Coney  Island  with 
the  captive  balloons  of  the  American  Aeronautic  Society,  S. 
A.  King,  aeronaut  in  charga  Captain  Howgate  furniBhed  the 
observer. 

With  the  exception  of  the  hotels,  no  height  rises  to  inter- 
rupt the  flow  of  the  wind.  We  might  expect,  therefore,  to 
find  the  sea  breeze  and  its  counter  current  undisturbed.  The 
standard  thermometer  employed  was  of  the  Signal  Service 
pattern,  made  by  James  Green,  and  carefully  tested  by  the 
observer.  The  aneroid  barometers  were  kept  compared  with 
a  standard  mercurial  instrument  at  the  surface.  The  ane- 
mometer, of  Robinson's  pattern,  furnished  by  James  Green, 
was  used  to  measure  the  velocity  of  the  wind  at  the  top  of  the 
ascent,  and  also  at  the  bottom.  In  the  other  cases,  the  forces 
were  estimated. 

The  record  was  commenced  as  the  balloon  left  the  earth 
and  continued  without  interruption  till  the  balloon  attained  its 
highest  point  At  the  top,  the  velocity  of  the  wind  was 
recorded  by  a  "five  minute  observation.  On  the  descent  the 
same  plan  was  followed. 

From  the  barometric  readings,  reduced  to  the  mercurial 
standard,  the  heights  were  deduced  by  Loomis'  table  as  given 
by  Guvot.  A  comparison  of  these  heights  with  those  deduced 
from  the  length  of  the  rope  in  use  showed  a  close  agreement 
The  thermometric  readings  reduced  to  the  standard  thermome- 
ter were  then  plotted  in  a  curve  whose  ordinates  were  heights, 
and  the  abscissas,  the  degrees  of  the  thermometric  scale.  The 
ascent  and  descent  giving  somewhat  discordant  values,  a  free 
hand  curve  was  drawn  between  them.  The  positions  of  the 
curve  are  given  in  the  annexed  table.  The  force  of  the  wind 
was  treated  in  a  like  manner.  The  observed  directions  were 
then  plotted  opposite  the  heights.  When  discordant  at  one 
height,  they  were  referred  to  that  one  of  the  sixteen  equal  divis- 
ions of  the  compass  which  lay  between  them.  The  whole  was 
then  referred  to  the  mean  of  the  times  of  leaving  and  regain- 
ing the  earth,  an  interval  of  about  fifteen  minutas.  New  York 
time  was  employed.  The  results  are  given  on  the  following 
page. 

A  slight  inspection  of  the  return  rates  of  change  shows  that  the 
return  current  has  influenced  the  temperature  of  the  air  around 
it  to  a  noticeable  extent. 

We  may  consider  the  observed  wind  as  composed  of  the 
wind  produced  by  a  great  storm  in  progress,  and  the  sea  or 
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land  breeze.  The  sea  breeze  blows  perpendioalar  to  the  coa8i» 
or  about  southeast  To  obtain  the  storm  wind,  I  examined 
the  7*86  A.  x.  maps  of  the  Signal  Service,  but  since  the  obser- 
vations were  taken  almost  directly  under  areas  of  maximum 
pressure,  the  examination  gave  no  useful  results.  I  Aerebre 
adopted  a  method  based  upon  the  following  con8idenitloQ& 
Of  all  those  directions  and  velocities  which  combined  with  the 
direction  of  the  sea  breeze  can  produce  the  resultant|  the  storm 
breeze  is  that  which  remains  when  the  sea  breeze  vanishes; 
the  fact  that  the  sea  breeze  vanishes  is  shown  by  die  other 
component  remaining  undisturbed.  For  example,  oi^  August 
18,  the  observed  wind  was  SuS.E.,  velocity  7*5  mika.  This 
might  be  produced  either  by  &  4*5,  &£. ;  S.S.W.  4^  SlB., 
SuW.  8,  SuE.,  etc.,  but  of  these,  S.W.  8  most  nearly  satisfies 
the  condition  that  it  shall  be  observed  by  itselC  The  sui&oa 
breeze  therefore  ends  at  about  660  feet  from  the  surface  of  the 
sea,  while  above  700  feet  a  current  from  the  land  evidently  de* 
fleets  the  breeze  toward  the  northwest  Proceeding  with  each 
of  the  other  cases  in  the  same  way  a  mean  may  be  taken.  In 
this  manner  we  have  drawn  up  the  foUowing  table  The  valueB, 
though  necessarily  approximate,  gain  much  from  oar  inability 
to  launch  the  balloon  save  on  c&xn  dav&  The  sign  ^  i 
that  the  given  value  is  probably  too  high. 


Day. 

Hour. 

Suxfaoe  breese 
ends. 

Retam  breece 
beginB.                 ends. 

1879. 

h 

m 

July       31 

10 

16    A.  If. 

<176  feet 

<400  feet 

2 

46    P.M. 

<600  feet 

About  760 

• 

7 

26    P.M. 

<376  feet 

<400  feet 

August    1 

9 

46   A.M. 

200?  feet 

<300?feet 

10 

54   A.M. 

Above 

the  highest 

point  reached. 

2 

9 

0    A.M. 

<200  feet 

<260  feet 

1 

65    P.M. 

<200  feet 

<600  feet 

10 

1 

19    P.M. 

<400  feet 

<600  feet 

<  900  feet 

3 

10    P.M. 

<600  feet 

500  feet 

<I100  feet 

5 

42    P.M. 

None. 

None. 

11 

2 

10    P.M. 

<<826  feet 

<900  feet 

12 

10 

60    A.  M. 

<600  feet 

<800  feet 

13 

11 

60    A.M. 

<650  feet 

<700  feet 

1050  feet? 

14 

1 

42    P.M. 

<300  feet 

<400  feet 

It  becomes  evident  that  both  current  and  counter  current  are 
low  in  the  atmosphere.  They  will  perhaps  serve  to  explain 
a  fact  often  noticed,  that  though  we  could  plainly  see  the 
steam  from  the  locomotives  as  they  whistled,  yet  coufd  hear  no 
sound  though  nearly  above  the  track. 


Lockyi 


p.  XXX VIL — On  a  New  Method  of  Spectrum  Observation; 

bj  J.  N.  LOCKYER.* 

E^  anticipation  of  my  report  on  the  Methods  of  Mapping 
ctra,  which  I  have  been  requested  to  prepare  for  the  Solar 
amittee,  I  beg  to  present  to  them  the  following  account  of 
16  recent  work  which  has  been  suggested  during  the  prepa- 
on  of  that  report 

n  the  Philosophical  Transactions  for  1873  (p.  254)  I  gave  an 
orical.  account  showing  how,  when  a  light  source  such  as  a 
rk  or  an  electric  arc  is  made  to  throw  its  image  on  the  slit 
I  spectroscope,  the  lines  had  been  seen  of  different  lengths, 

I  also  showed  by  means  of  photographs  hoV  very  definite 
je  phenomena  were.  It  was  afterwards  demonstrated  that 
mical  combination  or  mechanical  mixture  gradually  reduced 

spectrum  by  subtracting  the  shortest  lines,  and  leaving 
f  the  long  ones. 

>n  the  hypothesis  that  the  elements  were  truly  elementary, 
explanation  generally  given  and  accepted  was  that  the  short 
8  were  produced  by  a  more  complex  vibration  imparted  to 

''atom"  in  the  r^on  of  greatest  electrical  excitement, 

that  these  vibrations  were  obliterated  or  prevented  from 
ing  by  cooling  or  admixture  with  dissimilar  atoms, 
ubsequent  work,  however,  has  shownf  that  of  these  short 
s  some  are  common  to  two  or  more  spectra.  These  lines  I 
e  called  basic.  Among  the  short  lines,  then,  we  have  some 
ch  are  basic,  and  some  which  are  not 

'he  different  behavior  of  these  basic  lines  seemed,  therefore, 
uggest  that  not  all  of  the  short  lines  of  spectra  were,  in  re- 
7,  true  products  of  high  temperature. 

'hat  some  would  be  thus  produced  and  would  therefore  be 
imon  to  two  or  more  spectra  we  could  understand  by  ap- 
ling  to  Newton's  rule:  *'Causas  rerum  naturalium  non 
res  admitti  debere  quam  quae  et  verse  sint  et  earum  phae- 
lenis  explieandis  sufl5ciant,  and  imagining  a  higher  disso- 
ion.  It  became,  however,  necessary  to  see  if  the  others 
lid  also  be  a^ccounted  for. 

have  already  given  to  the  Royal  Society  a  preliminary  ac- 
nt  of  the  extraordinary,  because  unexpected,  phenomena 
changes  observed  in  the  spectra  of  vapors  of  the  elemen- 
'  bodies  when  volatilized  at  different  temperatures  in  vac- 
1  tubes.  Many  of  the  lines  thus  seen  alone  and  of  sur- 
ging brilliancy,  are  those  seen  as  short  and  faint  in  ordinary 

*  Received  for  publication  from  the  author, 
f  Proc  Roy.  Soc.,  vol.  zxviii,  p.  169. 
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methods  of  obBervation,  and  the  cinjumBtaDoes  ander  wbicit 
they  are  seen  suggest,  if  we  affain  appeal  to  the  above  rule, 
that  many  of  them  are  produced  by  complex  molecules. 

Iq  this  case  the  appeal  lies  to  the  pheaomena  pnidaced  when 
organic  bodies  are  distilled  at  varying  temperatarea  ;  the  urn- 

fileat  bodies  in  faomolc^ous  series  are  those  volatilized  at  the 
owest  temperatures ;  so  that  on  aubiectiag  a  mixture  vA  two 
or  more  liquids  to  distillation,  at  the  Manning  a  large  proper 
tion  of  the  more  volatile  body  comes  over,  ana  bo  on. 

At  any  particular  heat-level,  then,  some  of  the  short  lines 
may  be  dfue  to  the  vibrations  of  molecular  groapiuga  produced 
with  difficulty  with  the  temperature  employed,  while  others 
represent  the  fading  out  of  the  vibrations  of  other  molecular 
groupings  produced  on  the  first  application  of  the  beat 

In  the  line  of  reasoniog  which  I  advanced  a  year  ago,*  both 

these  results  are  anticipated,  and  are  easily  explained.    Slightly 

varying  fig.  2  of  that  paper,   we  may  imagine  furnace  A  to 

represent  the  temperature  of  the  jar  spark,  B  that  of  the  Ban- 

n  burner,  and  C  a  temperature  lower  than  that  of  tbe  Bnnaen 


A.  Higlieai  temperature.     C.  Lowesi.  tomperMiir 

Then  in  the  light  of  the  paper  the  lines  b  and  c  would  be 
truly  produced  by  the  action  of  the  highest  temperature,  c 
would  be  short  and  might  be  basic,  while  of  the  lines  h  and  m, 
m  would  be  short  and  could  not  be  basic,  because  it  is  a  rem- 
nant of  the  spectrum  of  a  lower  temperature. 

To  make  this  reasoning  valid  we  must  show  then  that  the 
ppark,  or  better  still  the  arc,  provides  us  with  a  summatioD  of 
the  spectra  of  various  molecular  groupings  into  which  Me 
solid  metal  which  we  use  as  poles  is  successively  broken  up  by  the 
action  of  temperature. 

We  are  not  limited  to  solid  metals;  we  may  use  their  salts. 
In  this  case  it  is  shown  in  the  paper  before  referred  tof  that  in 
very  many  cases  the  spectrum  is  one  much  less  rich  in  lines. 

I  have  therefore  attempted  to  gain  new  evidence  in  the  re- 
•  Froc  Roy.  Soc,  yd.  iiviii,  p.  162.  f  PML  Ti*ii»^  1873,  p.  2t) 
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quired  direction  by  adoptiDg  a  method  of  work  with  &  sparli  and 
a  BoDaea  flame,  which  Col.  Donoelly  su^ested  I  should  use 
with  a  spark  and  an  electric  arc  This  coDsists  in  volatiliziog 
those  substances  which  give  us  flame  spectra  in  a  BuDsen  flame 
and  paaaiog  a  strong  spark  through  the  flame,  first  during  the 
process  of  volatilization,  and  then  after  the  temperature  of  the 
flame  has  produced  all  the  simpliflcation  it  is  capable  of  pro- 
dacing. 

The  results  have  been  very  striking ;  the  puzzles  which  a 
comparison  of  flame  spectra  and  the  Fraunbofer  lines  has  set 
OS  find,  I  think,  a  solution;  while  the  genesis  of  spectra  is 
made  much  more  clear.* 

To  take  an  instance,  the  flame  spectrum  of  sodium  gives  us 
as  its  brightest,  a  yellow  line,  which  is  also  of  marked  impor- 
tance in  the  solar  spectrum.  The  flame  spectra  of  lithium  and 
potassium  give  us,  as  their  brightest,  lines  \n  the  red  which  have 
not  any  representatives  nmong  the  Fraunhofer  lines,  although 
other  hues  seen  with  higher  temperatare  are  present 

Whence  arises  this  marked  difference  of  behavior  ?  From 
the  similarity  of  the  flame  spectrum  to  that  of  the  sun  in  one 
case,  and  from  the  dissimilarity  in  the  other,  we  may  imagine 
ttat  in  the  former  case— that  of  sodium — we  are  dealing  with  a 
fcdy  easily  broken  ap,  while  lithium  and  potassium  are  more 
Kastant ;  in  other  words,  in  the  case  of  sodium,  and  dealing 
HRy  with  lines  recognized  generally  as  sodium  lines,  the  flame 
Ht  done  the  work  of  dissociation  as  completely  as  the  sun  it- 
ImC  Now  it  is  easy  to  test  this  point,  for  if  this  be  so  then  (1) 
the  chief  lines  and  flutings  of  sodium  should  be  seen  in  the 
flame  itself  and  (2)  the  spark  should  pass  through  the  vapor 
after  complete  volatilization  has  been  ^eoted  without  any  vis- 
ible effect 

Observation  and  experiment  have  largely  confirmed  these 
predictions.  Using  two  prisms  of  60°  and  a  high-power  eye- 
piece to  enfeeble  the  continuous  spectrum  of  the  densest  vapor 
produced  at  a  high  temperature,  the  green  lines,  the  flutings  re- 
corded by  Roscoe  and  Schuster,  and  another  coarser  system  of 
flutings,  so  far  as  I  know  not  yet  described,  are  beautifully  seen. 
I  say  largely,  and  not  completely,  because  the  double  red  line 
and  the  lines  in  the  blue  have  not  yet  been  seen  in  the  flame, 
either  with  one,  two  or  four  prisms  of  60°,  though  the  lines  are 
seen  during  volatilization  if  a  spark  be  passed  through  the  flame. 
Subsequent  inquiry  may  perhaps  show  that  this  is  due  to  the 
sharp  boundary  of  the  heated  region,  and  to  the  fact  that  they 
represent  the  vibrations  of  molecular  groupings  more  complex 

*  1  mllDds  more  Mpeciftllj  to  the  productloD  of  tiipleta,  th«ir  otuuge  into  quar- 
tata,  and  In  all  probabOi^  ioto  Satinga,  and  to  tha  vaniahiog  of  flnttaga  into  linea, 
bj  incraaaliig  tha  rata  of  diasooiatioD. 
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than  those  which  give  us  the  yellow  and  green  lines.  The  vis- 
ibility of  the  green  lines,  which  are  short,  in  the  flame,  taken  in 
connection  with  the  fact  that  they  have  been  seen  alone  in  a  vac- 
uum tube,  is  enough  for  my  present  purpose. 

With  regard  to  the  second  point,  the  passage  from  the  heat- 
horizon  of  the  flame  to  that  of  the  spark,  after  volatilization  is 
complete,  produces  no  visible  effect,  indicating  that  in  all  proba- 
bility the  effects  heretofore  ascribed  to  quantity  have  been  due 
to  the  presence  of  the  molecular  groupings  of  greater  complex- 
ity. The  more  tliere  is  to  dissociate,  the  m^ore  time  is  required  to 
run  through  the  series^  and  the  better'  the  first  stages  are  seen. 

Let  us  now  turn  to  lithium. 

Seeing  that  the  red  line  is  absent  while  the  violet  lithium 
line  is  strong  among  the  Fraunhofer  lines,  we  may  imagine  that 
the  flame  has  not  done  the  work  of  dissociation  in  the  case  of 
lithium  as  completely  as  the  sun  does  it,  so  that  (1)  the  other 
lines  of  lithium  should  not  be  visible,  even  with  the  new  pre- 
cautions, in  the  flame  spectrum,  and  (2)  a  passs^e  from  the 
heat-level  of  the  flame  to  that  of  the  spark  afler  volatilization 
should  produce  the  other  lines  which  we  know  to  exist  in  the 
spectrum  of  the  metal  in  the  orange,  blue  and  violet 

Experiment  and  observation  have  also  confirmed  this  result, 
80  far  as  the  yellow  and  blue  lines  go ;  that  in  the  violet  is 
difficult  of  observation.* 

We  next  come  to  potassium. 

The  potassium  lines  usually  recorded  as  not  seen  in  a  flame, 
but  which  are  observed  with  a  spark,  are  not  very  brilliant; 
nor  are  they  strong  among  the  Fraunhofer  lines.  Seeing, 
therefore,  that  a  high  temperature  does  not  greatly  develop 
them,  we  may  expect  to  find  them  in  the  flama  They  are  al- 
most all  there  when  they  are  looked  for  with  proper  precautions, 
but  those  in  all  probability  present  in  the  sun  are  brightened 
on  passing  the  spark,  showing  apparently  that  the  flame  vola- 
tilizes with  some  difficulty  the  molecule  which  gives  the  line  in 
the  red. 

The  flame  spectrum  of  magnesium  perhaps  presents  us  best 

*  The  way  in  which  the  lines  in  the  flame  are  unaffected  by  the  spark  strikingly 
reminds  me  of  the  following  remarks  of  Angstrom  and  Thalen :  "  The  Fraunhofer 
lines  can  in  general  be  divided,  according  to  their  appearance,  into  two  dassiaifi ;  the 
one  sharply  defined  and  tolerably  deep  black,  the  other  by  no  means  so^^ectdedly 
marked  eitjier  as  to  form  or  color.  These  two  different  kinds  of  lines  are^  as  regards 
their  appearance,  very  happily  characterized  by  the  opinion  expressed  on  a  for* 
mer  occasion,  that  the  former,  especially  when  the  illumination  is  feeble,  look  as 
if  they  were  situated  considerably  in  front  of  the  faint  ground  on  which  the  latter 
seem  to  He.  The  most  prominent  lines  of  the  former  class  almost  all  proceed  from 
iron ;  and  those  which  remain,  after  the  iron-lines  are  abstracted,  belong  to  the 
other  metals ;  calcium,  manganese,  chromium,  etc." — ("  Angstrom  and  Thalen  on 
the  Fraunhofer  Lines,  together  with  a  Diagram  of  the  Violet  Part  of  the  Solar 
Spectrum."    Upsala,  1866,  p.  6.) 


J.  N.  Lockyer — New  Method  of  Spectrum  ObservaAcm.     307 

vith  the  beautiful  effects  produced  by  the  passage  from  the 
ower  to  the  higher  heat-level,  and  shows  the  important  bear- 
ng  on  solar  physics  of  the  results  obtained  by  this  new  method 
)f  work. 

In  the  flame  the  two  least  refrangible  of  the  components  of 
>  are  seen  associated  with  a  line  less  refrangible,  so  as  to  form 
L  triplet  A  series  of  flutings  and  a  line  in  the  blue  are  also 
;een. 

On  passing  the  spark,  all  these  but  the  two  components  of  b 
ire  abolished.  We  get  the  wide  triplet  replaced  by  a  narrow 
>ne  of  the  same  form,  the  two  lines  of  b  being  common  to  both, 
bus — 


Flame  Spectrum 

End  of  flutings 
Spark  Spectrum 


When  the  line  in  the  blue  disappears  on  passing  the  spark, 
;wo  new  lines  are  seen.  The  spark  lines  are  in  the  sun,  but 
ihe  less  refrangible  member  of  the  wide  triplet  and  the  blue  line 
seen  in  the  flame  are  absent. 

The  following  are  the  details  of  some  of  the  experiments 
which  have  been  made  on  the  above  points  : — 

Experiment  No.  I. — Two  pieces  of  platinum  wire  were  sup- 
ported in  a  Bunsen  flame  at  a  distance  from  one  another  of 
about  three  millimeters.  They  were  then  connected  with  a 
Holtz  machine,  in  order  that  the  spark  might  be  passed  inside 
the  flame. 

An* image  of  the  platinums  was  then  thrown  on  the  slit  of 
the  spectroscope  by  means  of  a  lens.  The  spectroscope  used 
had  two  dense  flint  prisms  of  60^ 

A  piece  of  charcoal  soaked  in  solution  of  sodium  chloride  was 
put  into  the  base  of  the  flame  first,  and  then  just  below  the 
platinum,  and  the  spectrum  observed  ;  it  consisted  simply  of 
the  yellow  line  D.  The  spark  was  passed  and  the  spectrum 
again  observed ;  it  now  consisted  of  D  plus  the  lines  of  hydro- 
gen and  some  air  lines,  the  red  and  green  Na  lines  and  the 
green  flutings  being  still  absent 

Experiment  No,  IL — Same  arrangements,  except  that  a  large 
induction  coil  was  substituted  for  the  Holtz  machine.  The 
same  results  were  obtained  with  the  sodic  chloride. 

Experiment  No.  Ill, — Metallic  sodium  was  next  tried.  It 
was  found  that  when  the  metal  was  put  into  the  flame  just 
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below  the  platinums  the  green  line  and  the  flutings  were  seen 
without  the  spark,  that  is,  at  the  ordinary  temperature  of  the 
flame.  On  introducing  the  sodium  iato  the  lower  part  of  the 
flame,  the  green  double  (>l  5687*2  and  5681 '4)  and  the  flutings 
were  not  seen,  either  with  or  without  the  spark. 

Eocperiment  No,  IV, — Same  arrangements  as  No.  II,  with 
metallic  sodium,  and  with  a  small  blowpipe  instead  of  Bunsen. 

In  this  experimeat  the  flame  spectrum  showed,  besides  the 
yellow  line  (D),  the  green  double  (jl  5687*2  and  5681-4),  and 
also  the  flutings  in  the  green,  those  in  the  red  being  absent 
As  soon  as  the  spark  was  passed,  the  green  double  {X  5687*2 
and  5681*4)  became  brighter,  while  the  flutings  vanished. 

In  these  observations  the  sodium  was  put  into  the  flame  just 
below  the  platinums.  When  put  into  the  bottom  of  the  flame, 
the  D  line  was  seen  alone. 

Experiment  No.  V. — A  glass  tube  i  inch  in  diameter  was 
prepared,  about  six  inches  in  length,  having  two  platinums 
sealed  into  it  at  a  distance  of  four  inches  from  each  other.  A 
bulb  was  blown  at  each  end.  so  that  the  spectrum  might  be 
examined  with  the  tube  end-on.  A  piece  or  sodium  was  put 
into  the  tube,  and  the  latter  exhaustea  with  a  Sprengel  pump. 
An  Argand  burner  was  placed  at  one  end  of  the  tube,  in  order 
that  the  absorption  of  the  vapor,  as  well  as  its  radiation,  might 
be  observed.  The  metal  was  then  very  gradually  heated  by  a 
Bunsen  flame. 

After  the  heating  had  gone  on  for  about  twenty  minutes  the 
absorption  line  of  D  appeared ;  this  gradually  increased  in 
intensity. 

On  passing  the  spark  along  the  tube,  the  bright  lines  of 
sodium  appeared,  the  green  double  (>l  5687*2  and  5681*4),  being 
distinguishable  after  D  had  been  seen  for  a  little  time  alona 

The  temperature  was  now  increased  and  the  absorption  spec- 
trum again  examined.  The  flutings  in  the  green  gradually 
made  their  appearance,  D  increasing  in  intensity,  the  green 
line  being  invisible.  Afterwards  the  flutings  in  the  red 
came  in. 

On  passing  the  spark  the  absorption  spectrum,  consisting  of 
the  rea  and  green  nutings  disappeared  instantaneously,  and  the 
green  double  was  seen  very  bright ;  after  the  passage  of  the 
spark  D  dark  was  much  increased  in  breadth. 

The  quantity  of  hydrogen  given  off  during  the  change  pre- 
vented the  passage  of  the  spark,  and  the  observations  had  to  be 
discontinued.  As  soon  as  some  of  this  had  been  pumped  out 
the  same  observations  were  repeated  with  the  same  results. 

Experiment  No,  VL — An  experiment  was  made  with  lithiom 
chloride  in  Bunsen  flame,  with  the  same  arrangement  as  in 
Experiment  No.  1. 
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The  flame  spectrum  with  the  dispersion  employed  showed 
Li  line  except  the  red  one  {X  6705'2).  On  passing  the  spark 
m  the  Holtz  machine,  the  yellow  line  (jl  6 102-0)  and  the 
le  line  {X  4602*7)  appeared  as  bright  as  the  red  line.  The 
ne  results  were  obtained  on  repeating  the  experiment  with 
\  large  induction-coil. 

Experiment  No.  VIL — Potassium  nitrate  was  tried  by  the 
tbod  previously  described  in  Experiment  No.  1. 
The  flame  spectrum  consisted  as  usual  of  the  red  lines  {X  7697 
1  7663)  and  the  blue  line  {X  4045),  very  faint 
The  effect  of  the  spark  was  to  bring  out  the  yellow  lines  {X 
)ut  5800),  those  in  the  green  {X  about  5840),  and  the  red 
iible  (X  6946  and  6918)  out  of  the  flutings  visible  in  the  red, 
J  double  at  7697  and  7663  not  being  affected.  The  experi- 
nt  was  repeated  with  the  induction-coil,  and  the  same  obser- 
;ions  made,  with  the  additional  one  that  the  spark  also 
fhtly  intensified  the  blue  line. 

Experiment  No.  VIIL — On  repeating  the  experiment  with 
tallic  potassium,  the  same  phenomena  were  more  markedly 
jerved,  the  lines  about  X  5800,  and  other  lines  more  refrangi- 
I,  were  visible  as  very  faint  objects  in  the  flame ;  they  were 
ich  strengthened,  however,  by  the  passage  of  the  spark. 
Experiment  No.  IX. — Some  potassium  was  volatilized  by  the 
irk  in  front  of  the  slit  of  the  sun-spectroscope  and  compari- 
i  of  the  positions  of  the  lines  with  the  Fraunhofer  lines 
.de.  It  is  believed  that  Jl  5829*0,  58020,  5782-5  are  all 
"^ersed  in  the  solar  spectrum.  The  less  refrangible  member 
the  red  double  (^  6946)  was  next  compared,  and  was  un- 
abtedly  absent  from  the  sun.  These  observations,  however, 
{  rendered  extremely  difficult  on  account  of  the  fluted  appear- 
3e  of  the  yellow  lines,  and  must  be  repeated  with  a  stronger 
3  and  the  electric  arc.  The  spectroscope  employed  had  three 
sms,  one  of  60°  and  two  of  46°. 

Experiment  No.  X. — The  flame  spectrum  of  magnesium  was 
Bimined,  a  green  triplet  was  observed  which  was  at  first  sight 
:en  for  b.  Measurements  of  the  lines,  however,  showed  that 
5  less  refrangible  member  was  less  refrangible  than  6,  and 
\  a  wave-length  5209*8,  and  that  the  other  two  members 
re  6*  and  V  respectively.  A  fresh  charge  of  magnesium  was 
t  into  the  flame  and  the  spark  passed ;  the  original  triplet 
s  now  no  longer  visible,  the  line  at  52098  having  vanished, 
t  6*  was  now  seen  forming  with  V  and  V  a  triplet  of  similar 
tn  on  a  smaller  scale. 

According  to  Thal6n,  there  are  three  blue  lines  of  magne- 
im  at  w.l  4481-0,  4586-6,  and  4708-5.  These  lines  were 
)ked  for  in  the  flame  with  and  without  the  spark.  Without 
3  spark  only  one  line  was  visible  in  this  region  ;  its  position 

jf.  JouB.  8oi.— Thibd  Sbribb,  Vol.  XIX,  No.  112.^Afril,  1880. 
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was  found  by  comparison  with  the  solar  spectrum,  to  be  at 
w.l.  4570  3,  and  coincident  with  no  Fraunhofer  Una  The 
passac^e  of  the  spark  abolished  this  line,  at  the  same  time 
bringing  in  the  two  lines  given  by  Thal6n  at  w.l.  4481  "0  and 
4703*5,  both  of  which  are  reversed  in  the  solar  spectrum. 

No  line  was  seen  at  Thal^n's  w.l.  4586  5,  the  nearest  approach 
to  which  was  the  line  seen  at  the  temperature  of  the  Bunsen 
flame  at  w.l.  4570*3,  a  difference  of  more  than  sixteen  divisions 
of  the  scale. 

I  am  now  preparing  maps  showing  the  phenomena  observed 
at  various  heat-levels.  I  think  it  is  not  too  much  to  hope  that 
a  careful  study  of  such  maps,  showing  the  results  already 
obtained  or  to  be  obtained,  at  varying  temperatures,  controlled 
by  observation  of  the  condition  under  which  changes  are 
brought  about,  will,  if  we  accept  the  idea  that  various  dissocia- 
tions of  the  molecules  present  in  the  solid  are  brought  about 
by  different  stages  of  heat,  and  then  reverse  the  process,  enable 
us  to  determine  the  mode  of  evolution  by  which  the  molecules 
vibrating  in  the  atmospheres  of  the  hottest  stars  associate  into 
those  of  which  the  solid  metal  is  composed.  I  put  this  sugges- 
tion forward  with  the  greater  confidence,  because  I  see  that 
help  can  be  got  from  various  converging  lines  of  work.  To 
some  of  these  I  may  briefly  allude  here  : — 

1.  We  have  the  lines  present  in  the  solar  spectrum  and 
absent  from  it 

Example. — The  red  potassium  line  present  in  the  flame  is 
absent  from  the  sun  ;  some  of  the  other  lines  are  present 

2.  We  have  the  varying  thicknesses  of  the  lines  of  any  one 
element  in  the  sun  to  compare  with  the  thicknesses  proauced 
at  different  temperatures  in  the  laboratory. 

Example. — The  various  lines  of  magnesium,  notably  6,  the 
most  refrangible  line  given  by  Thal6n  and  the  other  blue  lina 

8.  We  have  the  remarkable  behavior  of  metals  vaporized  in 
a  vacuum  at  the  lowest  temperatures. 

Kxample. — Sodium  gives  us  D,  potassium  gives  us  the  triplet 
in  the  green-yellow;  calcium  gives  us  the  line  in  the  blue; 
thus  separating  those  lines  from  all  the  others  of  those  metals. 

4.  We  have  the  remarkable  behavior  of  the  same  vapors  un- 
der like  circumstances,  the  temperature  alone  being  changed; 
when  this  is  increased  lines  visible  under  ordinary  conditions 
are  brought  in,  and  are  seen  in  different  parts  of  the  tube,  so 
that  each  line  in  turn  (and  therefore,  I  presume,  each  molecule 
which  produces  it)  is  separated  from  those  with  which  it  is 
generally  seen  in  company. 

Example. — By  increasing  the  temperature  we  get  the  green 
line  of  sodium  without  D,  and  some  of  the  magnesium  lines 
have  been  seen  separated  from  the  others. 
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5.  We  have  the  power  of  determining  the  lower  states  by 
means  of  absorption  phenomena  and  then  of  observing  the  ra- 
diation of  the  vapors  produced  by  the  passage  of  a  feeble  cur- 
rent of  electricity. 

Mcampk. — The  fluted  spectrum  of  sodium  described  by 
Boscoe  and  Schuster  is  instantlv  abolished  by  this  means  and 
a  brightening  of  the  green  ana  a  considerable  thickening  of 
the  dark  yellow  lines  is  seen. 

6.  May  we  consider  the  existence  of  these  molecular  states  as 
forming  a  true  basis  for  Dalton's  law  of  multiple  proportions? 
if  so,  then  the  metals  in  different  chemical  combinations  will 
exist  in  different  molecular  groupings,  and  we  shall  be  able  by 
spectrum  observations  to  determine  the  particular  heat-level  to 
which  the  molecular  complexity  of  the  solid  metal  induced  by 
chemical  aflSnity  corresponds. 

Samples. — ^None  of  the  lines  of  magnesium  special  to  the 
flame  spectrum  are  visible  in  the  spectrum  of  the  chloride 
either  when  a  flame  or  a  spark  is  employed.  The  facts  re- 
corded in  my  papers,  printed  in  the  Philosophical  Transactions 
some  years  ago,  on  the  spectra  of  salts  and  mixtures,  seem  all 
explained  in  this  way. 

1  think  then  that  the  method  of  mapping,  to  be  complete, 
should  not  only  show  the  metallic  lines  as  produced  at  various 
temperatures  compared  with  the  Fraunhofer  ones,  but  that  for 
each  metal  investigations  should  be  made  and  recorded  for  as 
many  heat-levels  as  possible,  and  for  various  chemical  group- 
ings such  as 

Cr  O  Fe,Cl. 

Cr  O,  Fe  CI, 

Cr,0,  Fe 
Cr, 

to  give  examples,  with  a  view  of  investigating  the  facts,  to  see 
whether  we  can  trace  a  molecular  evolution  in  each  case. 

Further,  the  "  basic  lines  recorded  by  Thal6n  will  require 
special  study  with  a  view  to  determine  whether  their  existence 
in  different  spectra  can  be  explained  or  not  on  the  supposition 
that  they  represent  the  vibrations  of  forms,  which,  at  an  early 
stage  of  the  planet's  history,  entered  into  combination  with 
other  forms,  differing  in  proximate  origin,  to  produce  different 
"elementa" 
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Art.  XXXVIII. — The  Presentation  of  Sonorous  Vibrations  hy 
rruans  of  a  Revolving  lAiniern ;  by  Henby  Carmichael, 
Ph.D.  (Gottingen). 

At  the  meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  at  Hartford  in  1874,  a  paper  was  read  by 
the  author  on  **  A  new  method  for  the  presentation  of  sound 
waves,"  in  which  was  described  the  arrangement  represented 
in  fig.  1. 

The  principal  novelty  of  this  consists  in  a  small  lantern  con- 
taining a  coal-gas  flame  connected  with  a  Konig's  manometric 
capsule,  the  upright  lantern  being  so  placed  at  the  end  of  a 
horizontal  arm  that  it  could  be  rapidly  revolved  in  the  hori- 
zontal plane. 

1. 


c: 


v/////m 


The  frequent  destruction  of  the  glass  cylinder  forming  the 
lantern  lecl  to  the  advantageous  substitution  of  a  mica  cylin- 
der. The  cylinder  O  is  open  at  both  ends,  and  on  being 
slightly  inclined  backward  from  the  vertical  of  the  plane  of 
revolution  it  effectually  screens  the  flame  which  would  l>e 
otherwise  immediately  extinguished. 

The  lantern  arm  T  is  bent  in  to  the  vertical  axis  of  revolu- 
tion, and  by  an  enlargement  at  this  place  it  is  made  to  slip  over 
and  form  a  gas-tight  joint  with  the  right-angled  tube  N,  which 
is  firmly  fastened  in  the  base  block  E.  The  rotation  of  the 
lantern  is  conveniently  maintained  by  a  small  water-wheel  L 
attached  to  the  vertical  shaft.  The  water  enters  the  case  at  S 
anil  escaoes  at  B.  That  the  lantern  may  run  smoothly  the 
moment  of  the  lantern  O  is  counteracted  by  the  adjustable 
weight  P. 

Flexible  tubing  connects  N  with  Konig*s  manometric  cap- 
sule. When  no  sound  enters  the  capsule  a  smooth  band 
of  light  appears,  which,  on  the  introduction  of  sound,  is 
broken  into  a  series  of  teeth,  large  or  small,  simple  or  com- 
pound, according  to  the  nature  of  the  sound.  The  peculiari- 
ties of  this  flame-band  can  be  seen  from  the  most  distant  parts 
of  an  audience  room. 


hy  means  of  a  BevoMng  Lantern. 
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igh  the  performance  of  this  instrument  was  highly 
•ry,  it  was  exceeded  in  the  following  modification, 
rhicb,  though  hitherto  unpublished,  has  been  publicly 
me  during  the  last  three  years. 

[vantages  of  a  sensitive  flame,  which  is  made  to  re- 
the  vertical  plane,  must  be  obvious.  Not  only  are  all 
I  representing  the  sound 
ought  within  the  field  of 
nd  the  foreshortening  of 
upon  either  side  avoided, 
le  introduction  of  oxygen 
lantern  the  brilliancy  of 
5  is  greatly  increased.  It 
t;ant  that  the  lantern  and 
)ving  parts  be  made  as 
possible.  The  thin  mica 
he  lantern  is  conveniently 
into  shape  by  placing  it 
jheet  of  thin  metal  some- 
^er  than  itself,  the  whole 
ortion  of  which  within  a 
3r  of  the  edge  has  been 
The  thin  metal  is  folded 
edges  of  the  mica  which 
brought  into  contact,  and 
then  held  in  place  by  a 
:rip  bent  traversely  upon 
il  it  has  the  section  of  the 
fig.  3).  The  mica  is  thus 
)ent  without  cleaving  or 

»• 

istal  end  of  the  cylinder 

id  with  a  perforated  disc 

top  of  a  pepper-box,  and  to  the  disc  are  fastened 
I  springs,  RR,  by  which  the  cylinder  is  quickly  and 
jcured  to  the  flange  at  the  opposite  end.  The  well- 
atite  tip  N  should  have  such  an  internal  diameter  that 
gas  under  full  head  will  send  the  flame  to  the  top  of 
rn. 

mtral  gas  supply-tube  is  bent  at  right  angles  into  the 
evolution,  and  by  means  of  a  leather  washer  is  made 

in  the  socket  O.  Commencing  just  below  the  gas-tip, 
ren  supply-tube  is  made  concentric  with  the  former, 
ng  bent  at  a  right  angle,  it  leaves  it  to  form  with  it  the 
the  instrument.  The  joints  at  C  and  E  are  made  gas- 
h  little  friction  by  the  slight  inward  spring  of  the  iron 
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The  lantern  is  revolved  by  a  maltiplying  wheel,  or  by  » 
powerful  clock-work,  wheo  a  aniform  tnotioo  ia  required,  f^g. 
4  shows  the  general  atrangemente  of  parts. 

When  the  oxygen  is  diluted  with  two  measures  of  wr  it  is 
more  easily  regulated  as  a  supporter  of  coiDbustion.  The  bril- 
liancy of  the  flame  is  considerably  increased  by  conducting  the 
coal  gas  through  a  sponge  saturated  with  "gasoline." 

By  regulating  the  flow  of  gases  and  giving  the  flamea  rapid 
rotation,  a  continuous  brilliant  ring  is  produced,  which  is 
broken  up  into  saw-like  teeth,  characteristic  of  the  pitch,  in- 


tensity and  quality  of  the  entering  sounds.  A  shrill  whistle 
produces  teeth  so  fine  that  tliey  are  barely  visible  at  a  distance 
of  thirty  feet.  A  loud  low  sound  of  the  human  voice  affords 
teeth  of  the  height  of  the  lantern,  three  or  more  inches  long, 
with  one  or  two  harmonic  teeth  surmounting  the  fundamentals. 
A  rough  roar  yields  large  jagged  teeth,  exceedingly  c<impli- 
catetl  and  curious. 

On  turning  down  the  flame  the  teeth  are  reduced  to  brilliant 
dots,  with  smaller  dots  between  ihem  if  the  harmonics  be 
present.  It  is  curious  to  observe  that  no  trace  of  flame  can 
be  seen  between  these  dots,  which  may  be  three  inches  or  more 
apart.  It  is  not  to  be  presumed,  however,  that  the  flame  is  ex- 
tinguished, as  it  is  possible  to  arrange  the  flow  of  gases  so  that 
the  flame  is  invisible  during  a  complete  rotation,  and  yet  be 
restored  by  simply  altering  the  proportion  of  the  inflammable 
gases. 

For  investigating  the  motions  of  sonorous  bodies  an  attach- 
ment is  substituted  for  the  manometric  capsule,  which  may 
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be  called  the  manometric  pad,  which  is  represented  in  fig- 
ure 6.  This  consists  simply  in  a  wooden  funnel,  the  mouth 
of  which  is  covered  with  thin  rubber,  and  the  neck  con* 
nected  with  two  flexible  tubes,  one  of  which  brings  the  sup- 
ply of  coal  gas,  and  the  other  conveys  the  sonorous  vibra- 
tions to  the  revolving  lantern.  On  placing  the  manometric 
pad  distended  with  gas  in  direct  contact  with  vibrating  strings, 
oells,  tuning-forks,  etc.,  their  movements  are  readily  studied 
in  the  flame  band.  By  sliding  the  pad  over  the  sonorous 
body  the  node  and  vibration  segments  are  readily  located. 
The  interference  and  extinction  of  sounds  may  easily  be  pre- 
sented by  this  apparatua 

•  The  revolving  flame  was  designed  primarily  for  the  elucida- 
tion of  the  principles  of  sound,  and  this  it  renders  simple  by 
the  clearness  and  brilliancy  of  its  phenomena,  as  well  as  the 
direct  view  of  the  vibrating  flame,  which  it  gives  instead  of 
the  image  usually  seen. 

For  purposes  of  research  the  lantern  is  ^ven  a  uniform  rate, 
and  the  length  of  the  flame  band  made  a  simple  multiple  of  the 
wave  length.  There  appears  to  be  no  limit  to  the  velocity  of 
rotation,  although  when  tne  radius  is  made  shorter  or  the  velocity 
made  greater  than  has  been  found  as  yet  necessary,  it  will 
probably  be  preferable  to  introduce  the  jet  at  the  outer  end 
of  the  lantern,  as  only  thus  can  the  heated  gases  of  combus- 
tion flow,  as  the  force  of  rotation  would  impel  them.  A  lan- 
tern upon  the  end  of  a  long  wand,  to  which  a  thin  flexible 
tube  leads,  is  easily  constructed  by  any  one,  and  when  waved 
back  and  forth  gives  only  less  enectually  the  phenomena  of 
the  revolving  lantern.  Owing  to  the  brilliancy  of  the  flame, 
there  is  presumably  no  difficulty  in  the  way  of  the  direct  pho- 
tography of  it. 


Art.  XXXIX. —  On  the  Chemical  ComposUion  of  Childreniie  ; 

by  S.  L.  Penfield. 

After  the  publication  by  Messrs.  Brush  and  Dana*  of  their 
paper  in  which  the  new  species,  eosphorite,  was  described  and 
shown  to  be  closely  related  both  physically  and  chemically  to 
childrenite,  they  proposed  to  me  to  make  a  new  investiga- 
tion of  the  composition  of  the  latter  species  with  a  view  to  de- 
ciding the  uncertainty  in  regard  to  its  true  formula.  Professor 
Brush  very  kindly  placed  at  my  disposal  a  suitable  specimen 
from  Tavistock  out  of  his  collection.  From  this  the  ma- 
terial for  the  following  analysis  was  taken.  The  crystals  were 
small,  of  a  yellow-brown  color,  and  were  very  carefully  picked 

♦This  Jounial,  July,  1878, 
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from  the  siderite  and  oxide  of  iron  with  which  they  were  asso- 
ciated. Only  lustrous  crystals  were  accepted,  and  any  doubt- 
ful material  was  discarded.  Between  eigut  and  nine  tenths  of 
a  gram  were  thus  obtained.  Analysis  I  is  a  complete  analysis 
made  on  a  little  over  half  a  gram  ;  it  was  conducted  with  the 
greatest  care  and  a  special  test  was  made  for  alkalies,  so  that 
they  might  be  determined  quantitatively  if  present  As  Church 
in  his  analysis  found  iron  sesquioxide  present,  the  remaining 
three  tenths  of  a  gram  of  the  mineral  were  tested  quantitatively 
with  potassium  permanganate ;  the  result  indicated  26*08  per 
cent  of  FeO,  varying  only  0*12  per  cent  from  gravimetric  de- 
termination of  iron  protoxide  in  the  same  portions  ;  so  that  we 
may  conclude  that  the  mineral  really  contained  no  iron  sesqui- 
oxide. After  titrating  with  potassium  permanganate  the  solu- 
tion was  reserved,  and  P,0„  A1,0,  and  FeO  determined  in  it 
gravimetrically  (analysis  II)  as  a  control  on  the  other  analysis. 

FeO 
MnO 
CaO 

Quartz 

99^95 
The  above  ratio  corresponds  closely  to  the  following: 

P,0, :  A1,0, :  RO :  H,0=  1:1:2:4  (R=Fe,  Mn,  and  Ca), 

and  to  the  empirical  formula  R,Al,P,Oja,  4H,0,  which  may  be 
written 

Al,P.O.+2R(OH).+2aq  or^^f  .g.  \  +S^^\\  \  +4aq. 

or  the  same  as  that  made  out  for  eosphorite. 

The  formula  in  this  case  corresponds  to  the  following  percen- 
tage composition :  P,0, 8080,  A1,0, 22-31, FeO 2637,  MnO 4-87 
H,0  15*65=100.     This  agrees  satisfactorily  with  analysis  L 


I. 

II. 

Ratio  MloolAled 

80-19 

29-98 

-212 

1. 

21-17 

21-44 

-208 

•98 

26-54 

26-20 

-368  ) 

1 

4-87 

•069  [ 

-468          2-16 

1-21 

•021  ) 

15^87 

•882 

4^16 

•10 

Note  071  the  relation  between  Childrenite  and  Eosphorite  ;  by 
George  J.  Brush  and  E.  S.  Dana. 

In  our  former  paper,  to  which  Mr.  Penfield  refers,  we  showed 
that  childrenite  and  eosphorite  were  crystallographically  closely 
homceomorphoua  Thus  the  axial  ratios  for  tne  two  species 
are: — 

b  (mAcro-  a  (bnobT* 

e  (vertical).  diagonal.).  diasonfi). 

Childrenite,  Tavistock  (Cooke)   0-667  1-294  1-000 

f^osplioritey  BranchviUe  0-^^^  1287  1-000 
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We  showed  also  that  the  two  species  were  related  in  chemical 
oomposition,  although  there  was  a  wide  variation  between  the 
results  of  analysis  in  the  two  cases,  the  formula  of  eosphorite 
being  clearly  established,  while  that  of  childrenite  was  still  in 
doubt  The  analysis  of  Mr.  Penfield  seems  to  set  at  rest  the 
latter  question  and  to  show  further  that  the  two  species  have 
the  same  formula,  but  differ  in  this:  that  childrenite  contains 
chiefly  iron  (26'54  FeO,  4*87  MnO)  and  eosphorite  chiefly  man- 
ganese (740  FeO,  23*51  MnO).  Eosphorite  then  should  be  con- 
sidered merely  as  a  sub-species  under  childrenite,  related  to  it  in 
the  same  way  that  the  lithiophilite  from  the  same  locality  is  to 
triphylite.  The  points  of  difference  between  the  two  minerals 
in  physical  characters  and  mode  of  occurrence  have  been  men- 
tioned in  our  former  paper,  and  need  not  be  here  repeated. 


Abt.  XL.  —  Observations  on  the  Planet  Lilaea ;  by  Professor 
C.  H.  F.  Peters.  (Communication  to  the  Editors,  dated 
Litchfield  Observatory  of  Hamilton  College,  Clinton,  N.  Y., 
March  6,  1880.) 

Op  a  planet  detected  on  Feb.  16,  I  communicate  the  follow- 
ing observations,  all  that  have  been  hitherto  obtained. 


1880. 

Ham.  ColL  m.  t 

a  (213) 

6  (213) 

No.  of  comp. 

Ffeb.  16. 

14k30«»62« 

10>»51'»44«-61 

+  13''16'7'-2 

15  ringmicr. 

Feb.  18. 

11  29  13 

10  60  17-36 

13  29  18-6 

3  ringmicr. 

Fbb.  19. 

14  26  64 

10  49  23*97 

13  37  11-6 

12  ringmicr. 

Feb.  27. 

8  26  29 

10  43     4-67 

14  30  47-2 

10  fiL  micr. 

Har.  2. 

9     2  39 

10  39  43-29 

14  67  26-2 

10  fil.  micr. 

The  observation  of  Feb.  18  is  a  very  indifferent  one,  and, 
besides,  the  comparison  star  of  that  day  is  only  approximately 
determined  in  zones.  The  planet  appeared  of  the  11th  magni- 
tude.    It  has  received  the  name  Lilaea^ 
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I.  PHYSICa 

1.  Photoyraphs  of  Star  Spectra, — Mr.  W.  Huggins  in  a  note 
to  the  French  Academy  gives  some  results  of  his  late  investiga- 
tions on  stellar  spectra.  The  telescope  employed  had  a  metallic 
mirror ;  and  the  spectroscope  consisted  of  a  prism  of  Iceland  spar 
and  two  qaartz  lenses.  Its  slit  was  about  one-fourteenth  of  a 
millimeter  in  width.  The  spectroscope  was  fixed  upon  the  tele- 
scope so  that  this  slit  was  precisely  at  the  focus  of  the  reflecting 
mirror  of  the  telescope;   and  a  special  arrangement  kept  the 
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image  of  the  8tar  upon  the  slit  during  the  time  of  the  exposure  of 
the  negative.  The  slit  was  also  made  in  two  halves  which 
made  it  possible  to  photograph  the  solar  spectram,  or  that 
from  any  source  of  light,  just  above  the  spectrum  of  the  star 
under  examination.  The  photographs  obtained  were  only  O^'OIS 
in  length  from  G  to  O  in  the  ultra  violet ;  but  the  definition 
was  so  perfect  that  at  least  seven  fine  lines  between  H  and  E 
in  the  solar  spectrum  could  be  counted.  The  measurement  of 
the  lines  was  made  by  a  microscope  provided  with  a  micrometer 
and  the  wave  lengths  were  determined  by  a  graphical  method  by 
the  aid  of  Cornu's  map  of  the  ultra  violet  rays  of  the  solar  spec- 
trum, and  Mascart's  table  of  wave  lengths  of  the  cadmium  lines. 
Six  spectra  obtained  belong  to  the  white  stars  of  the  type  of 
Vega.  All  the  stars  of  this  type  give  spectra  of  essentially  the 
same  type.  The  typical  lines  consist  of  twelve  very  large  line« 
nebulous  at  their  edges.  The  two  less  refrangible  lines  of  this 
group  coincide  with  the  hydrogen  lines  A=4340  (near  6)  and 
A=4101  (A),  the  third  line  with  H  of  the  solar  spectrum.  The 
strong  line  K  of  the  solar  spectrum  in  only  represented  by  a  fine 
line,  and  even  this  line  appeared  to  be  absent  in  Sirius  and  in  ij  of 
the  constellation  of  the  Great  Bear.  The  lines  H  and  K  of  the 
solar  spectrum  coincide  with  two  bright  lines  of  calcium  and  are 
attributed  to  its  vapor.  It  is  important  to  notice,  however,  that 
another  pair  of  more  refrangible  lines  of  calcium,  A=3736"5  and 
A=3705"5  on  Cornu's  map  do  not  coincide  with  the  strong  lines 
in  these  stars.  The  relative  position  of  these  twelve  lines  are  in 
a  certain  sense  symmetrical.  Each  pair  of  lines  nearing  each 
other  the  more  refrangible  they  are.  They  seem,  therefore,  to 
belong  to  one  body.  ^Ir.  llugi^ins'  note  contains  a  table  of  the 
wave  lengths  of  these  twelve  typical  lines.  He  finds  that  in  the 
most  typical  stellar  spectra  the  continuous  spectrum  can  be  traced 
beyond  S ;  but  there  are  no  lines  more  refrangible  than  A=3699 
to  be  seen.  As  the  star  approximates  to  the  solar  type,  the 
twelve  typical  lines  become  smaller  and  less  nebulous  at  their 
edges;  other  lines  present  themselves  and  the  line,  wiiich  corres- 

foiuls  to  K  in  the  solar  spectrum,  becomes  large  and  nebulous, 
n  the  spectrum  of  Arcturus,  however,  the  line  K  is  larger  than  in 
the  solar  spectrum,  and  the  whole  extent  of  the  photograph  of  the 
spectrum  is  full  of  fine  and  broken  lines.  The  photographic 
spectra  of  Jupiter,  Mars  and  Venus  give  no  evidence  of  change 
due  to  the  atmospheres  of  these  planets,  and  the  photographs  Of 
portions  of  the  Aloon's  surface  under  difterent  conditions  of  illum- 
ination also  give  the  same  negative  result.  Mr.  Muggins  is  about 
to  apply  his  method  to  the  spectra  of  gaseous  nebulie  and  to 
different  parts  of  the  solar  spots. —  Co/nptes  Bend^is^  No.  2,  Jan., 
1 880,  p.  70.  J.  T. 

2.  Direct  measure  of  the  work  of  EUctrical  Induction. — Herr 
A.  VON  Walteniiofen,  guided  by  the  j)rinciple  that  the  work 
which  a  current  of  electricity,  from  a  battery,  affords  in  a  con- 
ductor must  be  equal  to  the  work  which  it  is  necessary  to  exert 
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in  order  to  produce  the  same  current  by  means  of  induction,  has 
been  led  to  a  determination  of  the  mechanical  equivalent  of  heat. 
He  made  use  of  the  magneto-electric  machine  of  constant  current 
of  Siemens  and  Halske,  which  is  described  in  the  twelfth  volume 
of  Carl's  Repertorium.  A  dynamometer  for  estimating  the  work 
done  in  rotating  the  armature  of  the  machine  is  described  by  the 
author  at  some  length.  It  is  found  that  0*18  mkg  (in  round 
numbers)  is  the  value  of  the  induction  work  per  second  in  order 
to  produce  the  electromotive  force  of  one  Daniell  cell  in  a  circuit 
of  1  S.E  resistance.  To  produce  the  electromotive  force  of  one 
Bnnsen  cell,  0'4  mkg  is  necessary.     Reckoning  a  horse  power  at 

75  mkgy  the  expression  0*0053  —  represents  the  induction  work 

necessary  to  produce  an  electromotive  force  of  n  Bunsen  cells, 
through  a  resistance  of  to  S.E.  To  this  must  be  added  the  use- 
less work.  According  to  W.  Thomson  and  Jenkin,  a  Daniell 
cell  in  circuit  of  one  unit  resistance  affords  in  each  second  a 
quantity  of  heat  represented  by  the  number  0*00030633 ;  by  com- 
paring the  value  0*13  mkg  or  more  exactly  0  1 3 109  mkg  with 
this  result,  Von  Waltenhofen  finds  427*94  for  the  mechanical 
equivalent  of  heat  Under  other  conditions  of  work,  the  numbers 
421*21  and  420*6  are  obtained. — Annalen  der  Physikund  Chemie^ 
No.  1,  1880,  p.  81.  J.  T. 

8.  Mechanical  Equivalent  of  Meat — In  the  proceedings  of  the 
American  Academy  of  Arts  and  Sciences,  Part  I,  1879,  is  an 
exhaustive  memoir  upon  thermometry  and  the  mechanical  equiva- 
lent of  heat,  by  Professor  Rowland  of  the  Johns  Hopkins  Univer- 
sity, Baltimore,  Maryland.  No  treatise  on  the  measurement  of 
heat  has  appeared  which  is  more  valuable  than  this.  The  results 
obtained  by  Professor  Rowland  for  the  mechanical  equivalent  of 
beat  diflfer  from  those  of  Joule  only  one  part  in  430.  The  inves- 
tigation also  showed  a  decrease  in  the  specific  heat  of  water  as 
the  temperature  rises.  Complete  details  are  given  of  the  appara- 
tus employed.  j.  t. 

4.  A  Jbispersion  Photometer, — Messrs.  Perey  and  Atrton 
describe  a  new  photometer  for  measuring  very  strong  light.  The 
light  is  made  to  pass  through  a  concave  lens  and  is  thus  dispersed 
at  a  short  range  over  a  large  surface.  The  authors  believe  that 
the  amount  of  light  absorbed  by  the  lens  can  be  accurately  esti- 
mated, and  think  that  measures  can  be  made  more  accurately  in 
this  way  than  in  the  methods  of  measuring  lights  from  a  great 
distance. — Phil,  Mag.^  Feb.,  1880,  p.  117.  j.  t. 

II.  Geology. 

1.  Ute  present  state  of  the  Evidence  bearing  upon  the  Question 
of  the  Antiquity  of  Man  ;  by  T.  McK.  Hughes,  M.A.,  Wood- 
wardian  Professor  of  Geology,  Cambridge.  (Read  before  the 
Victoria  Institute,  1879). — The  following  paragraphs,  discussing 
the  evidence  as  to  Man's  existence  in  or  before  the  Glacial  era  in 
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Earope,  and  the  remarks  succeeding,  by  Professor  Dawkins,  are 
cited  from  a  paper  hearing  the  above  title. 

We  may  dismiss  at  once  the  case  [of  supposed  human  remains], 
reported  from  the  Dardanelles,  of  works  of  art  found  in  deposits 
said  to  be  of  Miocene  age.  The  descriptions*  prove  that  it  was 
not  given  on  the  authority  of  one  competent  to  judge  in  such  a 
case,  and  it  never  has  been  confirmed. 

In  beds  said  to  be  Miocene,  at  Thenay,  near  Pontlevoy,  the 
Abb6  Bourgeois  found  ilints  which  he  supposed  were  dressed  by 
man.  These  flints  are  now  exhibited  in  the  Museum  at  St.  Ger- 
mains,  where  I  saw  them  with  Sir  Charles  Lyell  several  years 
ago,  and  again  with  others  since.  Some  of  them  seemed  entirely 
natural,  common  forms,  such  as  we  find  over  the  surface  every- 
where, broken  by  all  the  various  accidents  of  heat  and  frost  and 
blows.  A  few  seemed  as  if  they  might  have  been  man's  handi- 
work,— cores  from  which  he  had  struck  off  flakes  such  as  we  know 
were  used  by  early  man,  of  which  I  show  examples.  Yet  this  is 
not  quite  clear,  for,  had  the  evidence  been  good  that  they  were 
found  in  place  there  still  would  have  been  a  doubt  whether  they 
were  man's  wort  But  when  we  came  to  inquire  about  the  evi- 
dence that  they  occurred  in  beds  of  Miocene  age,  we  learned  that 
only  those  that  we  put  down  as  natural  were  found  by  the  Abb6 
himself;  the  others  were  brought  in  by  workmen,  picked  up,  we 
may  suppose,  upon  the  heaps  turned  over  by  their  spades,  and  so 
perhaps  lust  dropped  down  from  the  surface. 

Next  in  the  Crag  the  teeth  of  sharks,  bored  through,  as  if  for 
wear,  were  found,f  part  of  a  string  of  ornaments  such  as  com- 
monly are  worn  by  savages.  Of  these  I  give  examples :  one  a 
boar's  tusk,  from  the  lake  dwellings  of  Switzerland ;  another,  a 
tooth  from  a  deposit  of  palaBoiithic  age,  in  a  cave  just  above  the 
miraculous  grotto  of  Lourdes  in  the  Pyrenees.  I  have  examined 
fragments  of  bone  and  teeth  [from  the  Crag]  of  various  sizes  and 
shapes,  and  found  them  marked  over  the  surface  with  many  a  pit 
or  deeper  hole,  or  even  perforation  irregularly  placed,  not  as  if 
by  design,  but  accident.  There  they  were  in  every  stage,  all 
over,  yet  of  one  type.  One  sawn  across  explains  the  whole.  The 
chamber  of  a  shell  which  bores  its  way  into  the  solid  rock  or 
softer  shale  was  clearly  shown.  When  the  mass  lay  embedded 
in  the  mud  it  was  but  touched  here  and  there.  If  it  was  thin 
the  animal  bored  through  into  the  sand  or  clay  below,  piercing 
the  tooth  quite  through — a  perfectly  well-turned  and  finished 
work,  so  good  it  was  thought  to  be  man's.  But  if  the  mass  was 
thick  and  near  the  surface,  the  little  mollusk  made  a  home  entirely 
within  it,  and  its  shell  often  remains  there,  and  reveals  the  history 
and  manner  of  formation  of  the  holes. 

An  account  has  also  been  given  by  the  Abbe  Bourgeois  of 
flints  from  Pliocene  beds  at  St.  Prest,  near  to  Chartres,  said  to  be 

♦JourQ.  Anthrop.  Inst.,  vol.  iii,  p.  127,  April,  1873. 
f  Journ.  Antlirop.  lost,  vol.  ii,  p.  91,  April,  1872. 
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worked  by  man,  but  this  we  may  dismiss  on  the  same  ground  as 
those  before  referred  to  given  on  the  same  authority.* 

Another  case  brought  forward  from  abroad  but  recently,  has 
found  much  favor  here  as  there.f  Around  the  Lake  of  Zurich 
there  are  left  traces  of  ancient  lakes  at  somewhat  higher  levels. 
A  bed  of  clay  below  with  glacial  stones,  a  bed  of  plants  between 
half-turned  to  coal,  a  mass  of  clay  moraine-like  on  the  top,  tell  of 
the  time  when  Alpine  ice  crept  farther  down  the  hills,  and 
touched  upon  the  lake,  now  more,  now  less  encroaching.  In 
these  beds  the  peaty  mass  of  lignite,  known  as  DtLrnten  coal,  was 
largely  dug  for  fuel.  I  have  worked  a  long  time  down  below  to 
see  the  evidence  myself.  The  sequence  of  the  beds  is  clear.  But 
recently  two  Swiss  professors  have  proclaimed  that  they  have 
obtained  proofs  incontestable  that  man  was  there,  and  wove  a 
basket,  fragments  of  which  were  found  among  the  drifted  plants 
which  formed  the  coal.  These  fragments,  it  is  said,  consist  of 
pointed  sticks,  sharpened  across  the  grain,  not  tapering  naturally, 
and  a  cross  set  of  binding  withes,  all  now  pressed  and  changed, 
but  by  such  characters  referred  to  work  of  man.  Now  I  have 
found  myself  along  the  shore  fragments  of  wood  and  twigs  half 
decomposed  and  wavewom  till  they  were  cut  to  a  point  obliquely 
to  the  grain,  as  they  describe  the  Dtlrnten  sticks.  Across  such 
fragments  often  others  fell,  and  when  the  whole  was  then  com- 
pressed what  wonder  if  they  left  a  mark  of  wattle  or  of  basket- 
work  ?  and  the  whole  mass  has  suffered  such  great  pressure  from 
the  superincumbent  weight  of  clay  that  all  the  round  twigs  and 
stems  are  squeezed  quite  flat,  as  in  the  specimens  before  you. 
These  Dftmten  pointed  sticks,  however,  I  have  not  seen,  and, 
therefore,  speak  with  caution,  showing  only  how  I  think  the  thing 
might  be  otherwise  explained. 

Widespread  beds  of  loam  and  sand,  and  gravel,  cover  the 
lower  levels  of  East  Anglia;  and,  probably  ranging  over  a  vast 
period,  have  been  collectively  described  as  "  middle-glacial,"  for 
below  are  glacial  beds,  and  in  the  middle  series  bowlder  clay,  and 
over  them,  whether  in  part  remaynk  or  not,  another  bowlder  clay. 
Lying  in  hollows  and  on  the  flanks  of  valleys,  cut  through  this 
ancient  loam  and  other  beds,  are  river  terraces  of  later  date  ;  and 
these,  because  in  great  part  made  up  of  the  older  beds,  are  like 
them,  and  require  experience  to  distinguish.  In  these  old  terrace- 
deposits  implements  of  man's  undoubted  work  have  long  been 
found ;  but  recently  it  has  been  said  that  some  of  these  beds 
belong  to  the  older  series.J  This,  then,  becomes  a  matter  of 
opinion.  For  my  part,  being  well  acquainted  with  the  deposits 
in  question,  and  having  listened  to  the  evidence,  I  give  my  testi- 
mony quite  against  the  Glacial  or  the  inter-Glacial  age  of  any  of 
the  beds  from  which  the  hatchets  came.     It  is,  however,  said  that 

♦  Bourgeois,  Congr.  Inter.  d'Anthrop.,  1867,  p.  67. 

f  RQtimejer,   Archiv.   fur  Anihropologie,   1875  ;    Hcer.   Primaeval  "Worid  of 
Switserland. 

%  Mem.  Geol.  Surv.  Geology  of  Fen  land. 
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other  evidence  has  since  been  found,  conclusiye  as  to  this.  I  can 
but  criticise  that  which  has  been  adduced ;  but  I  will  say  that  if 
such  has  been  found  and  been  so  long  withheld,  while  there  are 
so  many  deeply  interested,  and  so  many  who  would  like  to  verify 
at  once  and  on  the  ground  the  statements  made,  then  I  do  hold 
that  there  has  not  been  shown  that  love  of  fiill  investigation 
which  is  the  soul  of  science. 

In  many  countries  where  rocks  of  limestone  tower  in  cliffs  and 
crags  above  the  valleys,  and  are  tapped  below  by  undermining 
streams,  the  rain  which  falls  upon  the  higher  ground  is  lost  in 
cracks  and  joints,  and  carries  off  the  rock  dissolved  in  water, 
which  contains  a  little  acid  caught  by  the  falling  rain  or  drawn 
from  decomposing  plants.  The  fissures  thus  enlarged  into  the 
gaping  chasms  called  "  swallows'  holes,"  the  "  katabothra"  of  the 
Greeks,  admit  a  copious  torrent,  carrying  stones  and  sand  which 
grind  and  bruise  and  open  out  the  jointed  rocks  into  great  caves 
and  subterranean  courses.  These,  when  tapped  at  lower  levels, 
are  soon  left  dry,  and  offer  to  prowling  beasts  of  prey  a  safe 
retreat,  and  often  man  availed  himself  of  them,  as  testify  the 
AduUamites  and  Troglodytes  of  every  age. 

From  such  a  cave  up  in  the  crags  of  Craven  some  evidence  is 
adduced  that  man  existed  far  back  into  Glacial  times,  and  this, 
perhaps,  is  the  best  case  that  has  been  urged.*  There  a  large 
group  of  animals,  such  as  occur  elsewhere  along  with  man,  and 
more  doubtfully  traces  of  man  himself,  were  found  in  beds 
overlapped  by  Glacial  clay  which  had  sealed  up  the  mouth  of  the 
vast  den  in  which  these  relics  lay.  This  excavation  I  have 
watched  myself  at  intervals  from  the  commencement,  and  I  hold 
that  as  the  cliff  fell  back  by  wet  or  frost,  and  limestone  fragments 
fell  over  the  cave  mouth,  with  them  came  also  masses  of  clay, 
which,  since  the  Glacial  times,  had  laid  in  hollows  in  the  rock 
above.  We  dug  and  found  such  there,  and,  more,  I  observed 
that  the  clay  lay  across  the  mouth  as  though  it  had  thus  fallen, 
and  not  as  if  it  came  direct  from  Glacial  ice  that  pushed  its  way 
athwart  the  crag  in  which  the  cave  occurs.  It  seemed  to  have 
fallen  obliquely  from  the  side  where  the  fissured  rock  more  readily 
yielded  to  the  atmospheric  waste,  so  that  it  somewhat  underlay 
the  part  immediately  above  the  cave.  On  the  inside  the  muddy 
water  which  collected  after  flood,  held  back  by  all  this  clay,  filled 
every  crevice  and  the  intervals  between  the  fallen  limestone 
rock,  while  still  outside  was  the  open  talus  of  angular  fragments 
known  as  "  screes." 

These  are  the  most  important  cases  that  I  know  where  man  has 
been  referred  to  Glacial  or  inter-Glacial  times ;  but  all,  it  seems 
to  me,  quite  inconclusive.  On  the  contrary,  there  is  much  in 
them,  and  much  besides  pointing  the  other  way.  In  support  of 
which  opinion  I  will  now  offer  some  independent  evidence,  show- 
ing that  some  similar  beds  with  man  and  the  beasts  that  are 
found  with  him  in  earliest  times  can  be  proved  to  be  post- 
Glacial.     ♦    ♦    * 

*  Tiddemaiif  Brit.  Assoc.  Reports,  1870-S. 
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• 

RemarJcB  on  the  paper  of  Professor  Hughes  hy  Professor  W. 
Soyd  DawkinSj  F.R.S. — I  entirely  hold  with  Professor  Hughes 
in  the  view  which  he  takes  relating  to  the  antiquity  of  man,  and 
the  necessity  of  looking  narrowly  into  facts  hearing  on  the  ques- 
tion. All  the  alleged  cases  of  the  existence  of  man  before  the 
Paleolithic  age,  on  the  Continent,  seem  to  me  on  a  careful  inquiry 
to  be  unsatis^ctory.  If  the  ilints  found  at  Thenay,  and  supposed 
to  prove  the  existence  of  Miocene  man,  be  artificial,  and  be  derived 
from  a  Miocene  stratum,  there  is,  to  my  mind,  an  insuperable 
difficulty  in  holding  them  to  be  the  handiwork  of  man.  Seeing 
that  no  existing  species  of  quadruped  was  then  alive,  it  is  to  me 
perfectly  incredible  that  man,  the  most  high  I  v  specialized  of  all, 
should  have  been  living  at  that  time.  The  d!ints  shown  in  Paiis 
by  Professor  Gaudry  appear  to  be  artificial ;  while  those  in  the 
Museum  of  St.  Germains  appear  to  be  partly  artificial  and  partly 
natural,  some  of  the  former,  from  their  condition,  having  been 
obviously  picked  up  on  the  surface  of  the  ground.  The  cuts  on 
the  Miocene  fossil  bones  discovered  in  several  other  localities  in 
France  may  have  been  produced  by  other  agencies  than  the  hand 
of  man. 

Nor  in  the  succeeding  Pliocene  age  is  the  evidence  more  con- 
vincing. The  human  skull  found  in  a  railway  cutting  at  Olmo,  in 
Northern  Italy,  and  supposed  to  be  of  Pliocene  age,  was  asso- 
ciated with  an  implement,  according  to  Dr.  John  Evans,  of 
Neolithic  age.  Some  of  the  cut  fossil  bones  discovered  in  various 
parts  of  Lombardy,  and  considered  by  Professor  Capellini  to  be 
Pliocene,  are  undoubtedly  produced  by  a  cutting  implement 
before  they  became  mineralized,  a  point  on  which  the  examina- 
tion of  the  specimens  leaves  me  no  reason  for  doubt.  I  do  not, 
however,  feel  satisfied  that  the  bones  became  mineralized  in  the 
Pliocene  age ;  and  the  fact,  that  only  two  species  of  quadruped 
now  alive  then  dwelt  in  Europe,  renders  it  highly  improbable  that 
man  was  living  at  this  time.  This  zoological  difficulty  seems  to 
me  insuperable. 

The  only  other  case  which  demands  notice  is  that  which  is  taken 
to  establish  the  fact  that  man  was  living  in  the  Inter-glacial  age, 
in  Switzerland.  The  specimens  supposed  to  offer  ground  for  this 
hypothesis  consist  of  a  few  pointed  sticks  in  Professor  Rtltimeyer's 
collection  at  Basle,  of  the  shape  and  size  of  a  rather  thin  cigar, 
crossed  by  a  series  of  fibers  running  at  right  angles.  They 
appear  to  me  after  a  careful  examination  to  present  no  mark  of 
the  hand  of  man,  and  to  be  merely  the  resinous  knots  which  have 
dropped  out  of  a  rotten  pine  trunk,  and  survived  the  destruction 
of  the  rest  of  the  tree.  As  the  evidence  stands  at  present,  there 
is  no  proof,  on  the  Continent  or  in  this  country,  of  man  having 
lived  m  this  part  of  the  world  before  the  middle  stage  of  the 
Pleistocene  age,  when  most  of  the  existing  mammalia  were 
alive,  and  when  mammoths,  rhinoceroses,  bisons,  horses  and  Irish 
elks,  lions,  hysenas,  and  bears  haunted  the  neighborhood  of  Lon- 
don, and  were  swept  down  by  the  floods  of  the  Thames  as  far  as 
Erith  and  Crayford. 
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2.  On  the  Age  of  the  Brazilian  Gneiss  Series.  Discovery  of 
Eozoon;  by  Oeville  A.  Derby,  M.S.,  Rio  de  Janeiro. — The  late 
Professor  Uartt  has  shown  in  his  work  entitled  '*  the  Geology  and 
Physical  Geography  of  Brazil,"  that  the  whole  Brazilian  plateau 
is  either  composed  of,  or  underlaid  by,  gneissic  rocks,  which 
appear  at  the  surface,  forming  one  or  more  great  mountain  chains 
along  the  whole  Atlantic  coast,  from  the  Province  of  Rio  Grande 
do  Sul,  to  Maranhlto.  In  the  provinces  of  S^  Paulo,  Rio  de 
Janeiro,  and  Minas  Geraes,  this  series  forms  two  detached  and 
parallel  chains,  separated  by  the  valley  of  the  Parahyba  river, 
and  known  as  the  Serra  do  Mar  and  Serra  da  Mantiqueira,  which 
rise  to  the  height  of  6,000  feet  or  more,  the  latter  range  being 
somewhat  the  higher,  the  culminating  point  and  highest  moun- 
tain in  Brazil,  the  Pico  de  Itatiaia,  having  a  height  of  8875  feet 
The  Serra  do  Mar,  as  represented  in  the  Organ  Mountains,  at 
Heresopolis,  is,  according  to  Professor  Agassiz,  a  sharp  anticli- 
nal ridge,  the  almost  vertical  beds  dipping  on  each  side  of  the 
center  of  the  range,  an  observation  which  has  since  been  verified 
by  Professor  Hartt  and  myself.  Farther  west,  where  crossed  by 
the  Dom  Pedro  II  Railroad  the  same  Serra  is  described  by  l*ro£ 
Hartt  as  a  monoclinal  ridge,  the  beds  dipping  at  a  high  angle  to 
the  northward  or  toward  the  Parahyba,  there  being  most  proba- 
bly some  repetition  in  the  beds,  owing  to  reversed  folds  or  faults. 
The  Mantiqueira  range,  according  to  Professor  Hartt's  observa- 
tions at  Itatiaia,  and  my  own  along  the  railroad  near  Barbacena, 
in  Minas  Geraes,  is  also  a  monoclinal  ridge,  the  beds  dipping  at  a 
less  angle  than  in  the  Serra  do  Mar  to  the  southward  or  toward 
the  Parahyba.  The  valley  of  this  river  appears,  therefore,  to  be 
a  great  synclinal. 

The  succession  of  the  Brazilian  gneisses  is,  according  to  the 
observations  of  Pissis,  Ilartt,  Liais  and  myself,  (1)  Porphyritic  or 
granitic  gnoiss,  with  red  feldspar ;  (2)  fine-grained  gray  gneiss, 
(ieptinite  of  Pissis  and  Liais),  often  garnetiferous  and  schistose; 
(3)  tine-graiiie<l  schistose  gneiss,  passing  to  mica  schist,  with  sub- 
ordinate beds  of  quartzite,  and  an  abundance  of  mineral  veins  not 
found  in  the  lower  parts  of  the  series.  This  last,  the  upper  or 
metalliferous  series  of  Pissis  and  Liais,  prevails  in  tlie  Mantiqueira 
range,  while  the  lower  divisions  predominate  in  the  Serra  do  Mar 
and  Parahyba  valley. 

The  gneiss  series  was  referred  by  Professor  Ilartt  to  the 
Areha;aii,  on  account  of  its  ]>osition  beneath  the  other  Brazilian 
strata,  and  the  striking  resemblance  with  the  Lanrentian  series  of 
North  America,  this  opinion  being  confirmed  by  Dr.  Sterry  Hunt 
from  an  examination  of  the  specimens  collected  by  Professor 
Ilartt.  At  that  time  no  fossiliferous  rocks  older  than  the  Creta- 
ceous were  positively  known  in  the  empire.  Since  then,  however, 
the  labors  of  the  members  of  the  Geological  Commission  have 
shown  that  the  coal-bearing  beds  of  southern  Brazil  belong,  as  was 
at  first  supposed,  to  the  Carboniferous,  and  are  underlaid,  in  the 
province  of  Parana,  by  beds  of  Devonian  or  Upper  Silurian  age; 
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and  that,  on  the  Amazonas,  there  is  a  fossiliferons  series  consist- 
ing of  Carboniferous,  Devonian  and  Upper  Silarian,  resting,  un- 
conf  ormably,  not  on  the  gneiss,  but  on  an  extensive  series  of  quartz- 
ites  superior  to  it. 

In  southern  Brazil,  at  least,  limestones  are  extremely  rare  in  the 

fneiss  series.  The  only  bed  definitely  known  is  a  thin  one  in  the 
^arahyba  valley,  well  exposed  at  the  Barra  do  Pirahy,  where  it 
was  examined  by  Professor  Hartt  and  myself.  The  river,  both 
above  and  below  Barra,  flows  along  the  strike  of  the  beds,  which 
is  very  regularly  N.  60°  E.,  the  limestone  appearing  at  various 
points,  at,  or  near  the  liver,  until  it  makes  a  bend  to  the  eastward 
and  escapes  from  behind  the  Serra  do  Mar,  above  the  city  of  Cam- 
poB.  This  distance  is  about  120  miles.  About  30  miles  above 
Barra,  along  the  line  of  strike,  limestone  is  reported  near  Barra 
Mansa. 

It  is  remarkable  that  about  100  miles  farther  to  the  southwest- 
ward,  limestone  in  the  gneiss  series  is  reported  by  Kath  near 
6Dape,in  a  locality  which  is  almost  exactly  on  the  prolongation 
of  the  line  of  strike  from  Barra. 

The  bed  at  Barra  is  about  fifty  feet  thick,  enclosed  in  schistose, 
gametiferous  gneiss,  and  dips  60'  to  the  northward. 

The  rock  is  a  coarsely  crystalline,  white  marble,  showing  a  beau- 
tiful bluish  tint  when  held  to  the  light  in  thin  pieces,  and  contains 
a  small  amount  of  pale  green  serpentine,  soft  and  greasy  like  talc, 
from  decomposition,  distributed  in  thin  Alms  along  the  planes  of 
bedding.  The  serpentine  is  not  distributed  through  the  mass  and 
nothing  resembling  Eozoon  is  to  be  found.  Near  the  small  village 
'  of  Sta  Anna  de  Pirapitinga,  the  farthest  point  to  the  northeast  of 
Barra,  where  the  limestone  is  known,  I  have  lately  had  an  oppor- 
tunity of  examining  it,  through  the  kindness  of  my  friend,  Dr.  J. 
A.  de  Santos,  who  called  my  attention  to  it.  The  bed  here  has 
almost  precisely  the  same  thickness,  position  and  lithological  char- 
acters as  at  Barra,  and,  being  on  the  line  of  strike  of  the  bed  at 
the  latter  place,  with  a  number  of  known  localities  at  intervening 
points,  on  or  near  the  same  line,  where  similar  rock  occurs,  1 
nave  no  doubt  of  the  identity  of  the  bed.  The  surfaces  exposed 
in  the  quarry  are  covered  with  beautiful  foliaceous  incrustations 
of  chalcedony,  and  the  small  admixture  of  serpentine,  instead  of 
occurring  in  films,  as  at  Barra,  is  thickly  distributed  in  small 
points  throughout  limited  portions  of  the  bed.  Specimens  of  this 
rock  polished  and  treated  with  acid,  present  various  appearances 
described  by  Dr.  Dawson  as  characteristic  of  Eozoon. 

Note. — Since  writing  the  above,  Mr.  Derby,  in  the  course  of 

explorations  along  the  Kio  Sao  Francisco,  has  discovered  a  bed  of 

serpentine  limestone,  in  the  metamorphic  series  of  the  Serra  da 

Caraun&,  Province  of  Alagoas,  near  the  falls  of  Paulo  Affonso, 

which,  he  says,  is  very  similar  in  character  to  that  of  the  Barra 

do  Pirahy  and  Pirapitinga.      A   single  small  fragment  oi   the 

Pirapitinga  limestone,  and  several  larger  ones  from  the  beds  at 

Caraun&,  sent  me  by  Mr.  Derby,  have  been  examined  by  Dr. 

Am.  Jour.  Sci.— Third  Sbkibs,  Vol.  XIX,  No.  112.— April,  1880. 
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Dawson,  of  Montreal,  who  kindly  furnishes  for  publication,  the 
following  notice  regarding  their  organic  contents. — R.  Rathbux. 

3.  Note  on  Limestone  from  the  Gneiss  Formation  of  Brazil ; 
by  J.  W.  Dawson,  LL.D.,  F.R.S. — The  specimens  submitted  to 
me  by  Mr.  R.  Rathbun,  from  the  collection  of  Mr.  Derby,  are  as 
follows : — 

No,  1.  Small  specimen,  which  has  been  etched  with  acid,  and  is 
stated  to  be  from  Sta.  Anna  de  Pirapitinga.  This  specimen  con- 
sists of  dolomite  and  calcite,  white  and  crystalline,  with  grains  of 
olive-colored  serpentine.  It  shows  some  obscure  forms  which 
may  be  organic;  but  nothing  which  can  be  affirmed  to  be 
Eozoon,  The  specimen  is,  however,  too  small  and  imperfect  to 
afford  any  definite  information  as  to  its  nature  and  fossil  contents. 

No,  2.  This  is  a  limestone  apparently  similar  to  the  last,  and 
presumably  from  the  same  formation.  It  is  said  to  be  from  the 
Serra  da  Oaraund,  Province  of  Alagdas.  As  there  were  several 
small  fragments  of  this  limestone,  it  was  carefully  etched  with 
dilute  nitric  acid.  On  examination  it  showed  in  a  few  spots 
groups  of  canals  similar  to  those  of  Eozoon  Canadense,  filled 
with  dolomite.  These  probably  represent  fragments  of  Eozoon. 
There  is  no  appearance  of  lamination,  and  the  rock  seems  to  con- 
sist of  limestone  and  dolomite  intermixed,  and  with  grains  of 
^le  (dive  serpentine.  The  rock  and  its  contained  fragments  of 
jElozoon  resemole  those  of  some  layers  of  the  limestone  of  Petite 
Nation,  and  also  the  limestones  of  Chelmsford,  Massachusetts,  and 
of  Warren  county,  New  York.  I  have  no  doubt  that  this  lime- 
stone is  of  Laurentian  age,  and  partly  composed  of  fragments  of 
Eozoon^  and  think  it  probable  that  more  extended  search  may  dis- 
cover in  it  entire  masses  of  the  fossil. 

4.  Geological  Survey  of  Alabama;  Report  of  progress  for  \^l*l 
and  1878  ;  by  Eugene  A.  Smith,  Ph.D.,  State  Geologist.  140  pp. 
8vo.  Montgomery,  Alabama,  1879. — Dr.  Smith  commences  his  val- 
uable Report,  with  a  general  sketch  of  the  features  and  geology  of 
the  Basin  of  the  Tennessee,  in  Northern  Alabama,  where  the  coal- 
measures  are  the  uppermost  beds,  with  the  exception  of  the  strati- 
fied drift  of  the  valleys.  Then  follow  chapters  on  the  Geology 
of  the  Counties  which  belong  to  the  Tennessee  Basin  ;  an  account 
of  Brown's  Valley,  which  covers  parts  of  Jackson,  Marshall,  Cull- 
man and  Blount  Counties,  and  geological  descriptions  of  parts  of 
the  Warrior  Coal-field  Basin.  The  Warrior  Coal-field  Basin  is  a 
southwestern  portion  of  the  Cumberland  Table-land,  so  conspicu- 
ous a  feature  m  the  eastern  half  of  Tennessee.  In  this  basin  in 
Jefferson  County,  along  a  ridge  in  Jones'  Valley,  dividing  it  longi- 
tudinally, there  occurs  one  of  the  great  faults  of  the  Appalachi- 
ans, so  well  marked  at  the  east  foot  of  the  Cumberland  Table- 
land in  Tennessee.  The  strata  of  the  Upper  Silurian,  Devonian 
and  Sub-carboniferous,  are  brought  up  by  it  to  a  level  with  a 
limestone  of  the  Quebec  group,  and,  besides,  there  is  an  overturn, 
the  last-mentioned  formation  overlying,  with  conformable  east- 
ward dip,  all  the  other  formations,  with  the  Sub-carboniferous  beds 
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the  lowermost.  The  geology  of  several  of  the  valleys  is  illus- 
trated by  maps.  It  closes  with  a  Chemical  Report  by  Henry 
McCally,  of  the  University  of  Alabama,  giving  analyses  of  coals 
and  iron  ores,  and  a  list  of  Elevations  (with  their  distances  from 
Memphis),  on  the  Memphis  and  Charleston  railroad. 

5.  On  Conodonts  from  the  Chazy  and  Cincinnati  Group  of 
the  Cambro-Siluriajiy  and  from  the  Hamilton  and  Genesee-Shale 
ZHvisions  of  the  Devonian^  in  Canada  and  the  United  States  / 
by  George  Jennings  Hyde,  Esq.,  F.G.S.,  with  three  plates. — ► 
From  this  interesting  monograph,  we  quote  the  following  clause, 
giving  the  general  results  arrived  at : 

•  It  has  been  shown  that  whilst  Conodont  teeth  do  not  corres- 
pond in  minute  structure  with,  and  are  far  more  varied  in  form 
than,  the  teeth  of  any  known  fish,  they  yet  approach  closest  to 
those  of  the  Myxinoids.  As  it  is  not  at  all  improbable  that  there 
was  in  Palaeozoic  times  as  great  a  development  of  the  Cyclostome 
Fishes  as  of  the  Ganoids  and  Elasmobranchs,  with  a  consequent 
great  amount  of  variation  in  their  structural  development,  we 
could  hardly  judge,  from  their  pauperized  descendants  of  the  pres- 
ent day,  how  far  this  variation  may  have  extended  in  former  times. 
We  should  not,  therefore,  on  account  of  the  imperfect  analogy  of 
the  Conodonts  with  the  teeth  of  existing  Myxmoids,  reject  alto- 
gether the  probability  that  they  may  have  belonged  to  a  similar 
low  type  of  Fishes.  At  present,  however,  the  facts  at  hand 
appear  insufficient  to  decide  the  question. —  Quarterly  Journal  of 
me  GeoL  Society^  Aug.,  1879. 

6.  Report  an  the  Paleontological  Field-work  for  the  season  of 
1877;  by  C.  A.  White,  M.D.  (Extracted  from  the  Uth  Annual 
Rep.  U.  S.  Geol.  Survey,  F.  V.  Hay  den,  Geologist-in-charge). — 
Professor  White  gives  in  this  Report  large  additions  to  the  known 
facts  respecting  the  distribution  of  fossils  of  the  Fox  Hill  group 
of  the  Upper  Cretaceous,  and  the  Laramie  (or  Lignitic)  Group. 
With  regard  to  the  former  he  gives,  in  his  concluding  chapter, 
tables  illustrating  the  range  of  the  species  under  columns,  headed 
(1)  Upper  Missouri  region,  (2)  Eastern  Colorado,  (3)  Northwest 
Colorado,  if4)  Coalville  in  Utah,  (and  the  whole  valley  of  Weber 
River),  (6)  Bear  River  Valley  (including  also  the  adjacent  portion 
of  Sulphur  Creek  up  to  Hilliard  Station).  A  similar  table  for  the 
Laramie  group  has  for  its  columns  (1)  Judith  River  Beds,  (2)  Fprt 
Union  Beds,  (3)  Eastern  Colorado,  (4)  Northwest  Colorado,  (5) 
Bitter  Creek  Valley,  ((>)  Bear  River  Valley.  Professor  White 
concludes  that  the  waters  of  the  great  Laramie  sea  were  essentially 
brackish,  and  that  the  commingling  of  fresh  water  and  brackish 
water  species  did  not  arise  from  fluvial  transportation  but  from 
their  having  lived  and  thrived  together. 

7.  Cretaceous  Fossils  of  the  Western  JStates  and  Territories^ 
by  C.  A.  White,  M.D.  Contributions  to  Faleontologtj,  No.  L 
(From  the  11th  Annual  Rep.  Surv.  for  1877,  U.  S.  Geol.  Surv., 
F.  V.  Hayden,  Geologist-in-charge). — This  lieport  contains,  be- 
sides descriptions  of  numerous  species,  also  many  figures  of  the 
species  on  ten  plates. 
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8.  Semarka  an  the  €hnu$  I¥oierooHmu  of  Lyon  and  OaMedajri 
by  A.  C.  Wkthbrbt.  Jonrn.  Cinoiniiati  Soo.  Nat.  Hiai.,  Apnl, 
1879. 

9.  JSeoiakm  of  the  PaloBoennaidha.  Part  L  The  funUiei 
lehthjioerinidm  and  Cyathoermidce;  by  Chahlbs  W^cmiCDTH 
and  Frank  SPBiKasR.  168  pp/8yo,  witn  two  plates.  Fldladel- 
phia,  1879  (from  the  Proceeoings  of  the  AoaaCTAV  of  Nataral 
SoienoeBy  Not.  4, 1879). — ^A  very  important  contribntion  to  the 
department  of  Fossil  Crinoids. 

10.  DeecripiUms  of  New  Speeiee  of  Crinoids  from  the  KoAae- 
hia  Chcup  of  the  SubcarboiUferoue;  by  A  0.  Wxthxbby.  IMd., 
October,  1879. — Professor  Wetherby,  in  these  papers,  desoiibei* 
in  detail  from  excellent  specimens  the  ^nns  Proterooriniis,  uid 
several  species  of  the  remarkable  crinoids  referred  to  it.  Hm 
author  states  that  the  Diehoerinua  eomigerue  and  2>.  Mobatim 
of  Shumard  cannot  be  referred  to  the  genus  as  has  been  propoeed, 
and  that  its  nearest  alliance  is  with  Micalyptoenntta.  Four  spe- 
cies, P.  hifurcatue^  P.  acutttSy  JP.  epaJhdahu  and  P.  ptmvue  are 
beautifully  figured  on  one  of  the  plates. 
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1.  SohMe  Matter  of  Soil  retained  by  Vegetati4m.Soii  three 
inches  deep  was  placed  in  two  glazed  earthenware  pans,  17  indies 
in  diameter,  on  July  21:  four  fframs  of  white  clover  seed  was 
sown  in  one,  the  other  being  blanlc.  The  pans  were  exposed  till 
Oct.  4.  The  drainage  water  was  collected  and  analyzed ;  that 
from  the  clover  soil  contained  48*1  grains  of  solid  -matter  per 
gallon  ;  the  other  220.  The  author  concludes  that  rain  removes 
much  more  matter  from  an  uncropped  than  from  a  cropped  soiL — 
Chem.  Soc,  Jan.  16 ;  from  Nature,  Jan.  22. 

2.  Seeds  endure  extreme  Cold.  —  Casimir  DbOandollb  and 
Raoul  Pictet,  of  Geneva,  have  continued  and  extended  some  old 
experiments  upon  this  subject,  the  results  of  which  ate  reported 
in  the  Arch.  Sci.  Phys.  &  Nat.  for  Nov.  1879.  Seeds  of  mus- 
tard, cabbage,  and  grains  of  wheat,  without  previous  desiccaticn, 
enclosed  in  sealed  tubes,  sometimes  mixed  with  metal  filings  to 
ensure  complete  and  rapid  refrigeration,  were  exposed  to  a  tem- 
perature of  from  -50°  to  -80°  centigrade,  for  from  two  to  six 
Dours,  the  cold  produced  by  the  evaporation  of  liquid  sulphurons 
acid  ;  the  seeds  were  allowed  to  regain  the  ordinary  temperature 
of  the  air  without  delay ;  then,  on  being  sown,  they  germinated  as 
promptly  and  well  as  corresponding  seeds  not  so  treated,     a.  o. 

3.  ITie  Genus  Ginkgo,  now  represented  by  the  single  Japan- 
ese species,  first  appears  (according  to  Heer,  in  Arch.  Sci.  Pnys. 
&  Nat.,  Dec.  1879),  in  a  single  species,  in  a  deposit  between  the 
Jurassic  and  Triassic,  and  in  the  Jurassic  counted  nine  species, 
two  of  which  extended  from  England  to  Spitzbergen,  whue  the 
other  seven   along  with   one  of  the  former  inhabited   easten 
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Siberia,  one  of  them  reaching  Japan,  the  present  home  of  all  that 
survives  of  the  genus.  One  or  two  species  are  kno^n  in  the 
Wealden,  and  two  others  in  the  Tertiary.  One  of  these,  known 
from  northern  Greenland  and  from  Sachalin,  is  so  near  the  extant 
species  that  it  may  be  united  with  it.  In  the  Jurassic  this  genus 
was  accompanied  by  four  other  Taxineous  genera,  one  of  which 
(Baiera)  was  continued  into  the  Cretaceous  formation ;  in  the 
Tertiary  also  by  another  (Feildenia),  recently  discovered  by  Nor- 
denskidld  in  Spitzbergen.  Cordaites  carries  the  Taxineous  type 
back  to  the  Carboniferous  and  the  Devonian  ;  so  that  this  group 
of  plants  contains  the  most  ancient  Phaenogams.  a.  o. 

4.  7%e  Floral  Development  of  Helianthus  annuus^  by  W.  H. 
GrLBREST. — A  paper  in  the  Journal  of  the  Quekett  Microscopical 
Club  (Oct.,  1878),  with  a  plate.  The  two  points  of  interest  relate 
to  the  morphological  nature  of  the  pappus  and  of  the  ovule. 
The  latter  develops  as  if  it  was  the  termination  of  the  axis.  The 
two  scales  of  the  former,  both  as  to  development  and  struc- 
ture, should  be  regarded  as  foliar  (not  trichomes),  and  therefore 
as  answering  to  calyx ;  but  their  development  is  much  later  than 
that  of  the  corolla.     The  paper  is  a  neat  one.  a.  o. 

5.  Morphology  of  Vegetable  Tissues^  by  W.  H.  Gilbbest. — A 
paper  reprinted  from  the  Journal  of  the  Royal  Microscopical  So- 
ciety, read  Oct.  8,  1879,  with  two  plates,  treating  the  histology  of 
the  Cambium,  in  several  Dictyledonous  trees  and  shrubs ;  summed 
up  by  the  author  thus : 

.  .  .  .  "  It  appears  that  the  cambium  layer  is  not  a  portion 
of  the  procarabium  remaining  over  after  the  differentiation  of 
the  primary  phlcem  and  xylem,  but  a  special   and  new  tissue 

developed  from   it That    the   cambium  is   composed    of 

prosenchymatous  cell-groups ;  .  .  .  .  on  the  phloem  side  paren- 
chyma is  produced  by  the  rounding  off  and  sometimes  by  the 
further  division  of  the  individual  cells,  and  prosenchyma  on 
the  xylem  side  by  the  absorption  of  the  transverse  septa;  wood- 
parenchyma  being  simply  those  cambium  cell-groups  in  which 
such  absorption  has  not  taken  place.  That  the  vessels  arise  by 
fusion  of  certain  cambium  cell-groups,  which  are  arranged  verti- 
cally, and  the  oblique  septa  separating  the  groups  being  partly 
absorbed,  and  the  transverse  ones  entirely  so.  That  absorption  of 
the  oblique  septa  appears  to  commence  with  the  formation  of 
sieve-plates,  the  pores  of  which  enlarge  and  coalesce  till  there  is 
either  one  lar^e  circular  aperture  through  the  center,  or  the  bands 
dividing  the  sieve-plates  remain,  forming  the  scalariform  septa  of 
some  species."  a.  g. 

6.  AroidecB  Maximiliance,  die  auf  der  Heise  JSr.  Majestdt  des 
JKaisers  Maximilian  7",  nach  JSrasilien  gesammeUen  Arofiger- 
todchae  nach  handschriftlichen  Aufzeichnungen  von  H.  Schott 
beschrieben  von  Dr.  J.  Peyritsch.  (Wien:  Gerold's  Sohn,  1879.) 
— This  is  an  imperial  folio  volume,  sumptuously  illustrated  with 
forty-two  plates  of  new  Aroideoe^  and  a  frontispiece  of  Aroideous 
Vegetation,  done  in  chromolithography.     It  is  the  best  chromo- 
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lithography  we  have  seen.  The  oopiouA  details,  most. admirably 
drawn,  ara  also  printed  in  oolors  and  are  very  effective.  The 
letter-preea  in  equally  Buperb.  It  was  in  part  prepared  by  Schott, 
the  firat  monoffrapher  of  the  AroidecBj  who  dieid  in  1865,  wis 
then  taken  in  band  by  Kotschy,  who  died  soon  after,  and  by 
Fenzl,  whom  we  have  recently  lost,  and  is  now  completed  by  Dr. 
Peyritsch.  This  magnificent  book  is  the  latest  and  probably  the 
last  of  the  fruits  of  the  voyage  to  Brazil  (in  1859-60)  of  the  oo- 
fortunate  Maximilian.  We  suppose  it  is  brought  out  by  his  a- 
ecutors,  and  is  a  monument  to  his  memory.  a.  a 

7.  Naturalized  Weeds  and  other  JPianie  of  Sauih  AuetroHOf 
by  Richard  Schohburok,  Ph.D.,  eta  Adelaide,  1879.  4to 
pamphlet — ^It  was  a  good  thought  to  make  a  record  of  the 
troublesome  plants  already  naturalized  in  South  Australia,  widi 
as  far  as  possible  the  dates  and  particular  circumstances  of  their 
introduction,  and  thus  to  ^ve  succeeding  observers  the  mesw 
of  comparing  the  future  with  the  present  condition.  It  will  be 
interesting  to  know  whether  the  species  most  affgresfdve  up  to 
this  time  will  continue  predominant,  or  whether  they  may  either 
lose  their  exceptional  vigor  or  be  checked  at  length  by  other 
competitors.  The  race  is  not  always  to  the  swift,  if  it  be  a  Iods 
one.  Most  of  the  introduced  weeds  came  from  Europe.  The  M- 
lowing  are  exceptions : 

OxaUe  eemua  of  the  Cape  of  Good  Hope.  This  arrived  as  s 
garden  plant,  near  the  year  1840;  it  now  overruns  all  gardens, 
and  is  spreading  most  alarmingly  in  the  wheat  fields.  It  is  said 
that  the  first  bulbs*  were  sold  for  two  pence  each.  It  now  has 
notorious  preeminence  over  all  introduced  weeds,  since  it  is  next 
to  impossible  to  eradicate  it  when  it  has  obtained  a  footing. 

Cryptostemma  calendiUacea^  called  Cape  Dandelion,  "has 
taken  possession  of  the  land  for  the  last  twenty-five  years,  and 
grows  as  vigorously  as  ever,"  covering  evep  the  mountain  ranges, 
when  untimbered,  to  their  summits.  It  is  an  annual,  and  is 
much  liked  by  cattle  and  sheep,  so  that  it  is  not  so  much  of  a 
nuisance. 

The  next  are  mostly  common  weeds  of  Southern  Europe,  but 
many  of  them  came  in  by  way  of  Tasmania.  The  worst  are 
CofnpositcBy  and  are  mainly  Cockspur  or  Ceiitaurea  Jfelitensiij 
Bathurst  Bur  or  JCanthium  spinosum^  Scotch  Thistle  or  Onopardon 
AcaiUhiumy  and  Inula  suaveolenSy  called  Stink-Aster,  "  the  most 
noxious  and  dangerous  plant  ever  introduced."  An  equally  bad 
cliaracter  is  given  to  the  Black  Oat,  Avetia  sativa^  var.  melano- 
sperma,  which  is  singular,  considering  that  its  near  relative,  the 
Avena  sterilis^  is  a  great  blessing  to  California,  over  which  it  has 
been  widely  difiused.  Dr.  Schomburgk  says:  "The  Black  Oat 
has  the  most  notorious  preeminence  of  all  the  introduced  weeds, 
and  the  effects  of  this  intruder  are  most  ruinous  to  the  farmbg 

community Thousands  of  acros  of  arable  land,  especially 

such  as  have  been  in  cultivation  for  some  years,  are  totally  ruined 
for  the  purpose  of  wheat-growing  by  the  black  oats.'* 
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A  dozen  and  a  half  of  other  grasses  which  occur  in  the  list 
*^  are  less  dangerous  to  cultivation,  in  fact  they  have  improved 
the  native  pasture  near  the  coast  materiallv,''  and  the  same  is 
said  of  the  Zeguminosce,  which  are  Clovers,  Melilots,  and  Vetches. 

A  ^lauce  at  the  list  of  weeds  throughout  does  not  favor  the 
idea  that  they  owe  their  predominance  in  any  perceptible  degree 
to  self-fertilization.  Oxalis  cemua  propagates  Jby  its  bulbs,  and 
so  may  be  ranked  with  self-fertilized  plants  by  analogy  ;  but  the 
blossoms  have  provision  for  cross-fertilization.  All  except  the 
grasses  and  four  or  five  Dicotyledons  are  coroliferous,  and  most 
of  them  insect- visited.  a.  g. 

8.  Canadian  Timber-trees^  their  Distribution  and  JPreservcUion; 
by  A.  T.  Drummond. — An  instructive  pamphlet,  published  at 
Montreal  in  1879,  being  a  Report  to  the  Montreal  Hoiticultural 
Society,  accompanied  bj  a  map  (by  Dr.  Bell  and  Mr.  Drummond) 
marking  the  northern  limit  of  the  principal  forest  trees  of  Canada 
and  Nova  Scotia.  There  are  %ixty-five  species  of  trees  in  this  dis- 
trict; but  only  the  most  important  ones  are  specified.  More 
stringent  laws  are  recommended  for  the  prevention  of  forest  fires, 
which  in  Canada,  as  elsewhere,  are  the  crying  evil.  The  fact  that 
the  jutting  headlands  of  Lake  Superior  have  a  semi-arctic  vegeta- 
tion, while  the  bordering  district  to  the  northward  has  the  common 
cool  temperate  fiora,  is  alluded  to.  It  is  attributed  to  the  moist, 
cool,  but  equable  atmosphere,  resulting  from  the  presence  of  such  a 
large  body  of  deep  water,  retaining  here  the  vegetation  of  an 
older  and  cooler  period.  But  the  sweep  of  winds,  keeping  back 
the  forest,  may  also  be  considered.  ▲.  g. 

9.  Indian  Com;  by  E.  Lewis  Stuktbvant,  M.D.  A  paper 
presented  to  the  Annual  meeting  of  the  New  York  State  Agri- 
cultural Society,  January  1879,  and  reprinted  from  its  88th 
Annual  Report. — The  history  of  Maize  is  detailed  with  consider- 
able fulness,  and  the  opinion  is  hazarded  that  the  plant  may  have 
reached  Europe  by  gram  brought  by  the  Northmen  in  the  eleventh 
century,  and  by  them  have  been  transferred  to  the  Levant.  But 
there  seems  to  be  no  proof  that  the  plant  had  reached  Turkey 
before  the  time  of  Columbus.  The  principal  varieties  of  Indian 
cultivation  are  enumerated  and  the  variations  of  ordinary  cultiva- 
tion are  classified.  The  number  of  rows  of  grain  on  the  cob  vary 
from  8  to  36,  and  nearly  all  are  in  even  nunaber  of  rows ;  but  odd 
numbers  are  not  uncommon  and  perhaps  prevalent  in  the  maize 
of  the  Incas  or  of  earlier  South  American  races,  preserved  with 
mummied  Indians.  A  section  of  Hybridizing  adduces  original 
observations  in  confirmation  of  the  action  of  the  pollen  of  one 
variety  in  directly  altering  the  grain  of  another;  and  this  influ- 
ence is  said  to  affect  not  only  the  coats  of  the  grain  but  the  nature 
and  appearance  of  the  kernel.  a  g. 

10.  jUeath  of  General  Munro. — With  sadness  we  hear  that  Gen. 
Wra.  Munro,  of  the  British  array,  the  most  accomplished  Agrostol- 
ogist  of  our  day,  died  at  his  residence  near  Taunton,  on  the  29th 
day  of  January.     lie  had  reached  the  age  of  about  64  years,  and 
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of  late  his  health  had  deteriorated  to  an  extent  that  gave  hit 
fiiends  oonoern.  But  it  was  thought  his  vidoable  liGo  might  be  pro- 
longed so  that  he  conld  aohiere  the  great  work  npon  whidi  fak 
heart  was  set  and  the  hopes  of  botanists  centered,  via.,  the  Sp^cim 
Oraminum,  Although  until  recently  his  studies  in  botany  were 
pursued  in  the  precarious  intervals  of  an  active  professional  1^ 
necessitating  fiVquent  changes  of  abode  under  widely  difRncnt 
dimates,  he  had  mastered  his  favorite  department,  so  that  no  one 
living  knew  grasses  so  well,  or  was  so  competent  to  treat  tlw 
whole  order  systematically.  Of  independent  publication  he  hid 
done  little,  except  to  bring  out  a  monograph  of  the  bamboo  tribe, 
which  shows  what  he  was  capable  of.  But  upon  the  retirement 
from  active  service,  with  honors  well  earned  by  arduous  and 

Slendid  service,  he  devoted  the  remainder  of  his  life  to  a  revision 
aU  grasses,  which  was  to  form  two  volumes  of  DeCandoU^s 
Manoffraphim  Phenoyamarum,  Alas,  it  was  too  late.  But  po^ 
haps  the  monograph  of  the  PanieAB  may  have  been  nearly  con- 

Eleted.  Yet  the  great  deHderaihmi  of  botanists  remains,  and  thdr 
opes  are  dashed  on  the  eve  of  expected  folfiUment  Persondty, 
Gten.  Munro  was  greatly  respected,  trusted,  and  beloved.  Tne 
very  distinct  genus  which  commemorates  his  botanical  servicei^ 
Munroa  squarroaa  of  Torrey,  is  one  of  the  Bufiblo  grasses  of  our 
western  plains.*  a.  a 

11.  Crustacea  of  Mexico  and  Ceniral  Ameriea, — ^Mission  Sdea- 
tifiaue  au  Mexique  et  dans  PAm^rique  Centrale,  publi^jpar  oidre 
du  Ministre  de  rlnstmction  Pnbliqna  Etudes  sur  lee  Ju^omcrfli 
et  lea  Crtistacks  de  la  ]ikgio7i  Mexicaine^  par  M.  Alphonsb  Miuri 
Edwards.  4to,  Paris:  4®  livraison,  pp.  121-184,  9  plates,  1878; 
5«  et  6«  livraisons,  pp.  185-264,  19  plates,  1879. — The  earlier 
parts  of  this  magnificent  work  were  noticed  in  vol.  xi  of  this  Jour- 
nal (p.  329,  1876).  In  the  last  three  parts  the  account  of  the 
Maioidea  is  completed  and  that  of  the  Cancroidia  begun ;  the  fourth 
part  contains  the  last  of  the  Mithracinit},  the  Micippin®,  Libininie, 
Amathinse,  Epialtinse,  Parthenopina^  (including  (Ethra)  and  part 
of  the  Leptopodinse  ;  the  fifth  part  completes  the  last  family  and, 
with  a  shoi*t  supplement,  the  Maioidea,  and  begins  the  Portuniens, 
which  are  completed  and  the  Canceriens  well  begun  in  the  sixth 
part.  Though,  upon  the  groups  of  which  it  treats,  already  by  far 
the  most  extensive  and  important  work  appearing  within  twenty 
years,  it  seems  thus  far  to  have  escaped  notice  in  the  Zoologicu 
Kecord.  It  deserves  a  more  extended  notice  than  the  space  at 
my  disposal  in  these  pages  permits. 

The  nine  families  of  Oxyrhynques  (Maioidea)  include  68  genera 
and  150  species;  11  of  the  genera  and  30  of  the  species  are  new, 
and  over  80  of  the  species  are  figured.  The  Portuniens  include 
9  genera  and  28  species,  1  genus  and  3  species  being  new,  and 
half  the  species  are  figured.     The  generic  grouping  of  the  Portu- 

♦  Publiflhod  in  the  fourth  volume  of  the  U.  S.  Pacific  Railway  Ebcpeditioii  Re- 
ports; erroneously  printed  Monroa.  There  is  also  a  mistalte  in  saying  thaiCoL 
Munro  was  in  the  East  India  Company's  service,  though  he  served  long  and 
bravely  in  India^ 
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3  is  considerably  modified  from  that  adopted  by  the  same  au- 
in  bis  monograph  of  the  group  pnblishea  in  1861,  so  that  the 
3ra  are  nearly  the  same  as  used  by  Stimpson.  CaUinectes  is 
lilted  but  all  the  forms  described  by  Ordway  are  reduced  to 
eties  of  a  single  species  and  a  number  of  new  varieties  are 
jribeA  The  old  name  dlacanthus  is  restored  for  the  polymor- 
\  species  thus  constituted,  but  the  varietal  names  are  printed 
he  same  wav  as  the  specific,  so  that  under  the  species  '^  CaA 
otes  diacanthu^^^  we  have  the  variety  ^^ CaUinectes  diacanthus 
dway),"  which  is  certainly  confusing.  Cronius  is  adopted, 
ArencBus  is  still  retained  under  Neptunus,  The  Canceriens 
'ar  as  treated  include  13  genera  and  29  species;  2  genera  and 
»ecies  are  new,  and  19  species  are  figured. 
he  plates  are  admirable  and  are  crowded  with  most  excellent 
res,  of  which  several  are  usually  given  for  each  species.  Some 
he  plates  on  which  the  larger  of  the  species  are  represented 
lithographic  and  two  of  these  in  the  sixth  part  are  colored,  but 
great  majority  of  the  plates  are  engraved  in  the  finest  manner 
netal.  s.  i.  smith. 

2.  U,  S.  Commission  of  Fish  and  Fisheries,  Report  of  the 
nmission  for  1877.      Part  V.     Washington,  1879.     8vo.  981 

numerous  plates. — ^This  volume  includes  in  the  general  report 
Professor  S.  F.  Baird,  the  Commissioner,  a  statement  of  the 
ilts  accomplished  both  in  the  way  of  exploration  and  in  the 
pagation  and  introduction  of  food-fishes,  and  the  participation 
he  Commission  in  the  Fishery  Convention  at  Halifax.  Several 
id  red  pages  are  occupied  by  a  thorough  history  of  the  men- 
en  and  the  fisheries  and  manufactories  dependent  upon  it,  by 

G.  Brown  Goode.  Among  the  other  papers  is  one  by  Karl 
mbeck,  on  the  distribution  of  the  cod  family ;  on  the  cod  fish- 
8  near  the  Loffoden  Islands,  by  G.  O.  Sars ;  on  the  salt  water 
eries  of  Norway,  by  G.  O.  Sars ;  several  reports  on  the  arti- 
il  propagation  of  various  fishes ;  on  the  Miller  Cassella  ther- 
neter,  by  Commander  L.  A.  Beardslee ;  on  artificial  refrigera- 
i,  by  John  Gamgee.  v. 

3.  American  Fisheries,  A  History  of  the  Menhaden^  by  G. 
5WN  GooDE,  with  an  account  of  the  Agricultural  Uses  of  Fish; 

W.  O.  Atwatkr.      8vo.  529   pp.,  80  plates.      New  York: 
mge  Judd  Company,  1880. — This  is  a  separate  edition  of  Mr. 
>de's  report,  included  in  the  preceding,  with  additions  bringing 
subject  down  to  date.  ,    v. 

4.  jf%e  Chinch  Bug  (Blissus  Leucopterus):  Its  history^  charao- 
and  habits  and  the  means  of  destroying  it  or  counteracting  its 

tries;  by  Cyrus  Thomas,  l^h.D.  With  a  map  showing  the 
;ribution.  44  pp.  Washington,  1879  (U.  S.  Entomological 
nmission,  Bulletin  No.  5). 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  Vesuvius, — In  Nature  (xxi,  p.  851),  Mr.  G.  F.  Rod  well  sum- 
marizes the  history  of  the  volcanic  action  of  Vesuvius  in  the  last 
year.  During  1879,  small  streams  of  lava  appeared  ate  interval 
on  the  sides  of  the  great  cone,  and  on  December  17,  a  stream 
reached  to  the  A  trio  del  Cavallo.  On  January  13,  1880,  be  as- 
cended the  cone,  although  with  diflSculty  on  account  of  the  violent 
and  cold  wind  which  prevailed.  The  small  inner  cone  had  in- 
creased since  his  ascent  of  the  previous  year,  and  now  reached 
more  than  fifty  feet  above  the  rim  of  tne  great  crater,  which 
moreover  was  almost  filled  up  by  lava  and  scoriae. 

The  cone  of  November,  1878,  was  giving  off  dense  volumes  of 
steam  and  smoke  and  seemed  to  be  full  of  lava.  Near  its  base 
was  an  opening, ''  apparently  about  fiwe  feet  in  diameter,"  through 
which  there  had  been  recent  outflows,  and  while  he  was  watching 
it,  a  stream  of  lava  issued  forth,  which  soon  after  flowed  over  the 
rim  of  the  great  crater  in  a  stream  26  feet  wide,  and  before  next 
morning  had  reached  the  same  extent  as  on  December  17.  A 
private  letter  from  a  gentleman,  who  ascended  to  the  lip  of  the 
crater  on  February  2,  speaks  of  a  small  eruption  two  days  before, 
which  had  filled  the  crater  and  overflowed  exactly  in  the  direction 
of  the  top  of  the  railroad  which  is  being  constructed  up  the  cone, 
and  nearly  reached  the  place  staked  out  for  the  station.  From 
the  lower  part  of  this  stream  the  lava  was  still  advancing  at  the 
rate  of  about  a  foot  a  minute.  In  regard  to  the  future,  Frofessor 
Palmieri  says,  "This  long  and  mild  eruptive  period  will  not  in  our 
opinion  come  to  an  end  without  displaying  more  decided  activity. 
The  whole  history  of  Vesuvius  may  be  divided  into  periods  of 
activity,  with  occasional  phases  of  violence,  and  short  intervals  of 
rest.  And  the  greatest  eruptions  have  generally  indicated  the 
last  phase  of  long  periods  of  moderate  activity."  c.  o.  r. 

2.  The  Study  of  Earthquakes  in  Sicitzerland. — The  Commission 
on  this  subject,  appointed  at  the  meeting  of  Swiss  Naturalists  in 
1878,  consisting  of  Professor  Foster  of  Bern  as  President,  Profes- 
sor A.  lleim  of  Zurich,  Secretary,  with  Professors  Amsler,  Forel, 
Hagenbach  and  Soret,  and  M.  Biswiller,  has  perfected  a  schedule 
of  operations.  It  is  proposed  to  provide  two  or  three  chief  stations 
(Bern,  Basel,  and  if  possible  Geneva)  with  first-class  seismometers, 
and  then  to  organize  a  wide  set  of  second-class  stations  with  sim- 
pler instruments.  For  the  latter  there  are  three  propositions,  two 
being  modifications  of  the  pendulum  and  mercury  seismometers, 
and  the  third,  essentially  the  row  of  graduated  cylinders  sugges- 
ted by  Mallet.  Thev  are  to  be  submitted  to  experiment  to  deter- 
mine the  most  desirable.  Besides  this,  as  tending  to  interest 
the  public  in  such  observations.  Professor  Ileim  has  published  a 
pamphlet  on  the  nature  and  causes  of  earthquakes,  and  on  the 
means  of  observing  them  without  instruments.  This  pamphlet, 
which  will  be  translated  into  French,  is  to  be  widely  distributed. 
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Further,  the  whole  country  is  divided  into  seven  regions,  one 
being  assigned  to  each  member  of  the  Commission,  who,  on  the 
occurrence  of  an  earthquake  in  his  section,  will  at  once  send  prin- 
ted lists  of  questions  in  regard  to  it  to  all  persons  likely  to  give 
information.  The  replies  will  of  course  become  matter  of  record. 
If  this  well-laid  plan  is  carried  out,  it  is  likely  to  afford  extensive 
and  valuable  information  in  regard  to  Swiss  earthquakes,  and  to 
aid  greatly  in  the  general  study  of  the  subject.  —Abstract  from 
NoUnre.  c.  g.  r. 

3.  On  the  Figure  of  tJie  Earth. — In  a  paper  by  Colonel  A,  R. 
Clarke  on  the  figure  of  the  earth,  published  in  the  Philosophical 
Magazine,  for  January,  1878  (p.  81),  the  following  values  are 
given  for  the  dimensions  of  the  terrestrial  ellipsoid : — 

a=20926629  feet  6=20925105  feet.  c=2085447'7  feet. 

Here  a  and  b  are  the  equatorial  radii,  and  c  the  polar  radius. 
The  ellipticities  of  the  two  principal  meridians  of  the  earth 
(L  e.  the  ratio  of  the  difference  of  the  semi-axes  to  half  their  sum) 

•re : —       and 


289-54  295-'7'7* 

CoL  Clarke  adds : — "  The  longitude  of  the  greater  axis  of  the 
equator  is  8°  1 5'  west  of  Greenwich,  a  meridian  passing  through 
Ii«land  and  Portugal,  and  cutting  off  a  portion  of  the  northwest 
corner  of  Africa ;  in  the  opposite  hemisphere  this  meridian  cuts 
off  the  northeastern  corner  of  Asia,  and  passes  through  the 
aonthem  island  of  New  Zealand.  The  meridian  containing  the 
smaller  diameter  of  the  equator  passes  through  Ceylon,  on  the 
one  side  of  the  earth  and  bisects  North  America  on  the  other. 
This  position  of  the  axis,  brought  out  by  a  very  lengthened  cal- 
culation, certainly  agrees  very  remarkably  with  the  distribution 
of  land  and  water  on  its  surface." 

The  values  of  Listing  corresponding  to  the  above,  quoted  from 
the  Astronomische  Nachrichten  in  this  Journal,  vol.  xvii,  p.  74, 
Jan.,  1879)  (employed  by  Todd,  I.  c.  xix,  62,  Jan.,  1880),  are  not 
well  founded  and  should  not  be  accepted. 

4.  Metallurgy:  the  art  of  extracting  metals  from  their  ores; 
by  John  Percy,  M.D.,  F.R.S.,  etc.  Silver  and  Gold,  Part  I. 
698  pp.  8vo.  London,  1880  (J.  Murray). — This  is  the  first  part  of 
the  fifth  of  the  seiies  of  volumes  upon  metallurgy  by  Dr.  Percy. 
These  volumes  form  distinct,  and  in  a  measure,  independent 
treatises.  The  present  volume  shows  the  same  careful  and  schol- 
arly treatment  that  has  characterized  the  previous  works  by  this 
author.  It  contains  a  chapter  of  over  two  hundred  pages  on  the 
physical  and  chemical  properties  of  silver  and  its  alloys,  with  a 
description  of  all  the  known  minerals  containing  silver.  This  is 
followed  by  a  very  complete  account  of  the  methods  and  apparatus 
used  in  the  assaying  of  silver  (75  pages) ;  the  separation  of  silver 
from  copper  by  the  liquation  process  (195  pages) ;  smelting  of  ores 
containing  silver  chiefly  in  the  metallic  state  and  the  combined 
silver  and  lead  smelting  (62  pages) ;  concluding  with  amalgama- 
tion, or  the  extraction  of  silver  from  its  ores  by  means  of  mercury 
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(104  pages).  This  last  section  covers  only  the  Mexican  or  potio 
process  as  practised  in  Mexico  and  South  America.  The  second 
part  of  this  volume,  a  portion  of  which  is  already  in  type,  will  be 
awaited  with  interest,  as  it  will  contain  a  discussion  of  the  pan- 
amalgamation  as  practised  in  the  United  States,  and  complete  the 
metallurgy  of  silver  and  gold.  It  will  be  remembered  that  Dr. 
Percy's  volume  on  Lead  contained  much  relating  to  the  metallurgy 
of  silver. 

6.  An  historical  sketch  of  Henry^s  cofUribution  to  the  Electro- 
magnetic Telegraph;  with  an  account  of  the  origin  and  develop- 
ment of  Professor  Morsels  invention^  by  William  B.  Taylor. 
108  pp.  8vo.  Washington,  1879. — ^This  pamphlet  is  reprinted 
from  the  Smithsonian  Keport  for  1878.  It  contains  a  well-digested 
account  of  the  successive  steps  in  the  development  of  the  electric 
telegraph,  from  the  middle  of  the  eighteenth  century,  down.  It 
has  special  reference,  however,  to  the  very  important  contributions 
of  Professor  Henry  toward  its  practical  establishment  and  final 
success. 

6.  Bulletins  of  the  United  States  National  Museum.  The  fol- 
lowing are  the  contents  of  numbers  recently  issued  : 

NO.  12.  Ck>ntributionB  to  North  American  Ichthyology,  No.  3;  A:  On  tiie 
distribution  of  the  Fishes  of  the  Alleghany  Region  of  South  Carolina,  Georgia, 
Tennessee,  with  description  of  new  or  little  known  species,  by  D.  S.  Jordan 
and  A.  W.  Brayton ;  B  :  A  synopsis  of  the  Family  Catostomidae,  by  D.  S. 
Jordan.  237  pp.  Washington,  1878.  NO.  13.  The  Flora  of  St  Croix  and 
the  Virgin  Islands,  by  Baron  H.  F.  A.  Eggers.  133  pp.,  1879.  NO.  14.  Cata- 
logue of  the  Collection  illustrating  the  animal  resources  and  the  fisheries 
of  the  United  States,  prepared  under  the  direction  of  G.  Brown  Goode.  351 
pp..  1879.  NO.  16.  Contributions  to  the  Natural  History  of  Arctic  America 
made  in  connection  with  the  Howgate  Polar  Expedition,  1877-78,  by  Ludwig 
Kumlien,  Naturalist  of  the  Expedition,  179  pp.,  1879. 

7.  Transactions  of  the  Connecticut  Academy  of  Arts  and 
Sciences,  Vol.  V,  Part  I,  257  pp.  8vo,  with  24  plates.  New 
Haven,  1880.     The  contents  of  the  volume  are  as  follows : — 

Synopsis  of  the  Pycnogonida  of  New  Efigland,  by  Edmund  B.  Wilson,  with 
plates  1  to  7  ;  The  Stalk-eyed  Crustaceans  of  the  Atlantic  Coast  of  North  America 
north  of  Cape  Cod,  by  S.  I.  Smith,  with  plates  8  to  12 ;  A  list  of  the  Braalian 
Echinoderms,  ^ith  notes  on  their  distribution,  etc.,  by  Richard  Rathbun;  The 
Comet  of  1771 :  investigation  of  its  orbit,  by  William  Beebe ;  The  Cephalopods  of 
the  Northeastern  coast  of  America,  by  A.  E.  Verrill,  with  plates  13  to  25. 

Reports  on  the  Results  of  Dredging  under  the  supervision  of  Alexander  Agaasiz 
in  the  Gulf  of  Mexico,  1877-78,  by  the  U.  S.  Coast  Survey  Steamer  "Blake," 
Lieut. -Commander  C.  D.  Sigsbee,  U.  S.  N.  commanding.  V. — General  oondusioiu 
from  a  preliminary  examination  of  the  raollusca,  by  W.  H.  Dall.  (Bulletin  of  the 
Museum  of  Comparative  Zoology  at  Harvard  College,  Cambridge.  Masa,  vol  yi, 
No.  3). 
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Art.  XTjL  —  On  the  Efficiency  of  Edison^s  Electric  Light ;  by 
Professor  H.  A.  Rowland  of  the  Johns  Hopkins  University, 
and  Professor  George  F.  Barker  of  the  Univ.  Pennsylvania. 

The  great  interest  which  is  now  being  felt  throughout  the 
civilized  world  in  the  success  of  the  various  attempts  to  light 
houses  by  electricity,  together  with  the  contradictory  statements 
made  with  respect  to  Mr.  Edison's  method,  have  induced  us  to 
attempt  a  brief  examination  of  the  efficiency  of  his  light  We 
deemed  this  the  more  important  because  most  of  the  informa- 
tion on  the  subject  has  not  been  given  to  the  public  in  a 
trustworthy  form.  We  have  endeavored  to  make  a  brief 
but  conclusive  test  of  the  efficiency  of  the  light,  that  is,  the 
amount  of  light  which  could  be  obtained  from  one  horse  power 
of  work  given  out  by  the  steam  engine.  For  if  the  light  be 
economical,  the  minor  points,  such  as  making  the  carbon  strips 
last,  can  undoubtedly  be  put  into  practical  shape. 

Three  methods  of  testing  the  efficiency  presented  themselves 
to  us.  The  first  was  by  means  of  measuring  the  horse  power 
required  to  drive  the  machine,  together  with  the  number  of 
lights  which  it  would  giva  But  the  dynamometer  was  not  in 
very  good  working  order,  and  it  was  difficult  to  determine  the 
number  of  lights  and  their  photometric  power,  as  they  were 
scattered  throughout  a  long  distance,  and  so  this  method  was 
abandoned.  Another  method  was  by  measuring  the  resistance 
of,  and  amount  of  current  passing  through  a  single  lamp.  But 
the  instruments  available  for  this  purpose  were  very  rough, 
and  so  this  method  was  abandoned  for  the  third  one.  This 
method  consisted  in  putting  the  lamp  under  water  and  observ- 
ing the  total  amount  of  heat  generated  in  the  water  per  minute. 
For  this  purpose,  a  calorimeter,  holding  about  \\  kil.  of  water, 
was  made  out  of  very  thin  copper:  the  lamp  was  held  firmly 
in  the  center,  so  that  a  stirrer  could  work  around  it  The  tem- 
perature was  noted  on  a  delicate  Baudin  thermometer  graduated 
to  0°1  C. 

As  the  experiment  was  only  meant  to  give  a  rough  idea  of 
the  efficiency  within  two  or  three  per  cent,  no  correction  was 
made  for  radiation,  but  the  error  was  avoided  aa  much  as  pos- 
sible by  having  the  mean  temperature  of  the  calorimeter  as 
near  that  of  the  air  as  possible,  and  the  rise  of  temperature 
small.     The  error  would  then  be  much  less  than  one  per  cent 
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A  small  portion  of  the  light  escaped  through  the  apertnrea  in  the 
cover,  but  the  amount  of  enei^^  must  have  been  very  miDUta 

In  order  to  obtain,  the  amount  of  liffht  and  eliminate  all 
changes  of  the  engine  and  machine,  two  lamps  of  nearly  eaaal 
power  were  generdly  used,  one  being  in  the  calorimeter  while 
the  other  was  being  measured.  They  were  then  reversed  and 
the  mean  of  the  results  taken.  The  apparatus  for  measuring 
the  light  was  one  of  the  ordinary  Bunsen  instruments  used  for 
determining  gas-lights,  with  a  single  candle  at  ten  inches  dis- 
tance. The  candles  used  were  the  ordinary  standards  burning 
120  grains  per  hour.  They  were  weighed  before  and  after 
each  experiment,  but  as  the  amount  burned  did  not  vary  moirt 
than  one  p.  c.  from  120  grains  per  hour,  no  correction  was  mada 

As  the  strips  of  carbonized  paper  were  flat,  very  much  more 
light  was  given  out  in  a  direction  perpendicular  to  the  surfaoa 
than  in  the  plane  of  the  edge.  Two  observations  were  takoi 
of  the  photometric  power,  one  in  a  direction  perpendicular  to 
the  paper,  and  the  other  in  the  direction  of  the  edge,  and  we 
am  required  to  obtain  the  average  light  from  these.  If  L  is  the 
photometric  power  perpendicular  to  the  paper,  and  2  that  of  the 
edge,  then  the  average  X  will  evidently  be  very  nearly 

X^zLf    coBamada+l/    An^ada 

In  the  paper  lamps  we  found  Z=^L  nearly ;  hence  >l=f  L  nearly. 
The  lamps  used  were  as  follows: 


Approximate 

No. 

Kind  of  carbon. 

Size  of  carbon. 

resistance  when  cold. 

580 

paper 

large 

147  ohms. 

201 

cc 

« 

147      " 

850 

(C 

small 

170.     " 

809 

u 

(C 

154      " 

817 

fiber 

laree 

87      " 

The  capacity  of  the  calorimeter  was  obtained  by  adding 
to  the  capacity  of  the  water,  the  copper  of  the  calorimeter  aod 
the  glass  of  the  lamp  and  thermometer.  The  calorimeter  and 
cover  weighed  0*103  kil.  and  the  lamps  about  0*035  kil. 

First  experiment,  No.  201  in  calorimeter  and  No.  580  in  pho- 
tometer; capacity  of  calorimeter  =1*153 +  "009 +  '007= 1*169 
kil.  The  temperature  rose  from  18° '28  C.  to  28'*-llC.  in  five 
minutes,  or  1°*75  F.  in  one  minute.  Taking  the  mecbaDical 
equivalent  as  775*,  which  is  about  right  for  the  degrees  of  this 
thermometer,  this  corresponds  to  an  expenditure  of  3486  foot 
pounds  per  minute.  The  photometric  power  of  No.  580  waa 
17*5  candles  maximum,  or  13*1  mean,  X. 
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When  the  lamps  were  reversed,  the  result  was  8540  foot 
pounds  for  No.  5b0,  and  a  power  of  18*5  or  10*1  candles  mean. 

The  mean  of  these  two  gives,  therefore,  a  power  of  8618  foot 
pounds  per  minute  for  11*6  candles,  or  109*0  candles  to  the 
iiorse  power. 

To  test  the  change  of  efficiency  when  the  temperature  varied, 
n%  tried  another  experiment  with  the  same  pair  of  lamps,  and 
ilso  used  some  othei's  where  the  radiating  area  was  smaller, 
ind,  consequently,  the  temperature  had  to  be  higher  to  give 
>ut  an  equal  light 

We  combine  the  results  in  the  following  table,  having  calcu- 
ated  the  number  of  candles  per  indicated  horse  power  by 
»king  70  per  cent  of  the  calculated  value,  thus  allowing  about 
JO  per  cent  for  the  friction  of  the  engine,  and  the  loss  of 
mergy  in  the  magneto-electric  machine,  heating  of  wires,  etc. 
&.8  Mr.  Edison's  machine  is  undoubtedly  one  of  the  most  efficient 
low  made,  it  is  believed  that  this  estimate  will  be  found  prac- 
acally  correct  The  experiment  on  No.  817  was  made  by 
>bserving  the  photometric  power  before  and  after  the  calori- 
neter  experiment,  as  two  equal  lamps  could  not  be  found.  As 
be  fiber  was  round,  it  gave  a  nearly  equal  light  in  all  direc- 
ions  as  was  found  by  experiment 
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The  increased  efficiency,  with  rise  of  temperature,  is  clearly 
jhown  by  the  table,  and  there  is  no  reason,  provided  the  car- 
bons can  be  made  to  stand,  why  the  number  of  candles  per 
Iiorse  power  might  not  be  greatly  increased,  seeing  that  the 
imount  which  can  be  obtained  from  the  arc  is  from  1000  to 
L500  candles  per  horse  power.  Provided  the  lamp  can  he 
nade  either  cheap  enough  or  durable  enough,  there  is  no 
•easonabie  doubt  of  the  practical  success  of  the  light,  but  this 
X)int  will  evidently  require  much  further  experiment  before 
ibe  light  can  be  pronounced  practiciible. 

In  conclusion,  we  must  thank  Mr.  Edison  for  placing  his 
mtire  establishment  at  our  disposal  in  order  that  we  miofht 
brin  a  just  and  unbiased  estimate  of  the  economy  of  his  light 
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Professor  William  T.  Rceppbb  of  Bethlehem,  Pennsylt 
died  on  the  eleventh  of  March  at  the  age  of  seventy, 
feasor  Rcepper  was  bom   in   the  village   of  Peilaa,  m 
Moravian  settlement  of  Gnadenfrei,  in  Lower  Silesia, 
March  7th,  1810.    In  early  life  he  qualified  himself  for 
the  Moravian  Church,  and  for  several  jears  taught  at 
church  schools.    He  came  to  America  in  1840,  at  the 
the  authorities,  to  engage  in  the  financial  work  of  the 
Church,  and  was  employed  in  this  until  1869,'re8iding  » 
the  time  at  Bethlehem.     At  the  opening  of  the  Lehigh  Unii 
in  1866,  Mr.  Rcepper  was  appointed  Professor  of  Mineraloi 
Oreologjf  and  curator  of  the  museum.    He  retained  the  prol 
chair  only  three  years,  discharging  his  duties  with  marked  i 
during  that  time,  but  he  remained  curator  of  the  museum 
1871.    The  latter  years  of  his  life  were  spent  in  the  scientif 
historical  studies  in  which  he  was  so  mucn  interested. 

In  the  death  of  Professor  Roepper  the  science  of  his 
oountry  has  met  with  a  real  loss.    Independent  of  his 
attainments,  he  was  a  man  of  unusual  culture,  a  thorough 
in  the  classics  and  in  history,  and  an  accomplished  mi 
was  to  mineralogy,  however,  that  he  especially  devoted 
and   in   this  branch  of  science  he  occupied  a  high 
The  mathematical  relations  of  the  forms  of  crystals  was  a 
to  which  he  gave  much  study.    He  was  not  less  diligent 
chemical  investigation  of  minerals,  and  bis  thorough  km 
of  the  practical  side  of  mineralogy  caused  his  opinion  as  an 
to  be  frequently  sought  by  those  engaged  in   the  mining 
smelting  of  ores.     The  discovery  by  him  of  deposits  of  zii 
in  the  Saucon  Valley,  Penn.,  was  one  which  did  much  to 
the  town  in  which  he  resided,  but  from  which  he  gained  n< 
himself.     He  contributed  several  papers  on  mineralogical  sul 
to  this  Journal ;  one  of  these  deserves  especial  mention  b< 
mineral  species  there  described,  an  iron-manganese-zinc  chryi 
from  Stirling  Hill,  N.  J.,  is  now  called   lifepperite  after 
Those  who  knew  him  well  will  appreciate  that,  as  the 
his  patient  work,  his  contributions  to  scientific  literature 
have  been  much  more  numerous  but  for  the  delicate  modesty i 
lack  of  desire  for  outside  reputation  which  characterized  him.  ■] 

Professor  R(B})per  was  a  man  of  most  genial   and   atti 
personal  character,  who  will  be  long  remembered  by  all  who 
the  privilege  of  his  intimate  acquaintance.  I 
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Art.  XLII. — The  Outlet  of  Lake  Bonneville;  by  G.  K.  Gilbert. 

Some  of  the  readers  of  the  Journal  will  remember  that  the 
name  "  Lake  Bonneville  "  has  been  applied  to  a  great  body  of 
water  which  formerly  covered  the  desert  basins  of  Utah.  Its 
most  conspicuous  vestiges  are  its  shore  lines,  and  from  them  it  is 
known  that  the  ancient  water  surface  was  more  than  ten  times 
as  great  as  that  of  Great  Salt  Lake,  and  the  ancient  water  level 
was  about  one  thousand  feet  above  the  modern. 

It  was  early  surmised  that  the  ancient  lake  was  freshened  by 
overflow,  but  the  point  of  discharge  was  for  a  long  time  undis- 
covered, and  it  may  be  said  to  be  still  in  controversy.  The 
I)resent  paper  takes  up  the  subject  of  the  outlet  where  it  was 
eft  nearly  two  years  ago. 

In  this  Journal  for  April,  1878,  the  writer  maintained  that 
the  point  of  outflow  was  Red  Rock  Pass,  Idaho,  at  the  north 
end  of  Cache  Valley  ;  that  the  discharging  stream  descended 
through  Marsh  Valley  and  thence  continuously  to  the  Pacific 
Ocean ;  and  that,  flowing  over  soft  material  at  first,  it  gradually 
excavated  at  the  Pass  a  channel  more  than  three  hundred  feet 
deep,  and  lowered  the  lake  level  by  the  same  amount  In  the 
June  number  of  the  Journal,  Dr.  A.  C.  Peale  controverted  ray 
conclusion,  declaring,  first,  that  the  original  altitude  of  Red  Rock 
Pass  was  considerably  below  the  highest  level  of  Lake  Bonne- 
ville ;  second,  that  the  ancient  shore  line  exists  in  Marsh  Valley 
at  the  north  of  the  pass,  just  as  in  Cache  Valley  at  the  south ; 
and  finally,  that  the  real  point  of  discharge,  when  the  water 
stood  at  the  Bonneville  level,  was  about  forty-five  miles  north 
of  Red  Rock  Pass. 
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Dr.  Peale  treats,  in  the  same  artide,  a  qaestion  of  prioiitj 
and  other  matters  of  purely  personal  interest^  and  his  re- 
marks thereon  invite  reply,  but  I  have  a  strong  distaste  for 
personal  controyersy,  and  I  am  confident  that  the  readerB  of 
the  Journal — not  eyen  excepting  Dr.  Peale — will  cheeifuUy 
excuse  me  if  I  refrain.  I  shall  therefore  confine  myself  to  the 
question  of  outlet 

Within  a  few  months  I  have  revisited  Marsh  Valley  and 
Bed  Bock  Pass,  and  have  examined  the  lower  calion  of  the 
Portneul  My  observations  do  not  serve  to  diminish  materially 
the  disparity  between  Dr.  Pete's  conclusions  and  my  own,  bat 
they  throw  light  on  some  of  our  contradictions  in  matters  of 
simple  observation.  These  contradictions  depend  in  part  upon 
a  misinterpretation  of  certain  terraces,  and  will  be  better  ande^ 
stood  after  a  brief  enumeration  of  the  characters  by  which 
terraces^  of  diverse  origin  may  be  distinguished.  \ 

The  term  terrace  is  applied  in  topography  to  a  level  surfiuie^   ' 
or  one  of  very  gentle  slope,  limited  on  one  side  by  a  suifMse   i 
which  descends  at  a  greater  angle,  and  usually  limited  on  the   ; 
other  by  a  surface  wnich  ojscmde  at  a  greater  ansla     When 
the  limiting  slope  is  steep  it  is  called  a  wxrp.    A  scarp  may 
stand  above  a  terrace,  rising  from  its  inner  edge  and  fadoff  ; 
toward  it,  or  it  may  lie  below  it,  &lling  from  its  outer  edge  and 
facing  from  it     Most  terraces  are  margined  by  scarps  on  one 
edge  or  the  other,  and  some  on  both. 

Terraces  are  produced  in  at  least  five  different  ways,  namely:  " 
by  diff^erential  erosion,  by  streams,  by  waves,  by  differential 
deposition,  and  by  displacement 

Terraces  by  Differential  Erosion  arise  wherever  a  series  of 
dissimilar  strata  lying  nearly  horizontal  are  subjected  to  rapid 
erosion.  The  soft  strata  are  destroyed  more  rapidly  than  the 
hard,  and  the  latter,  where  they  overlie  soft  beds,  are  under- 
mined so  as  to  break  off  by  vertical  fracture.  A  stair-like 
system  of  terraces  and  scarps  is  thus  formed,  in  which  each 
terrace  marks  the  outcrop  of  a  soft  rock  and  each  scarp  the 
outcrop  of  a  hard  one. 

These  terraces  are  distinguished  from  all  others  by  the  con- 
stant relation  of  form  to  stratigraphic  structure. 

A  Stream  terrace  is  produced  whenever  a  stream,  which  has 
for  a  long  time,  flowed  at  one  level,  is  induced  by  changed  con- 
ditions to  excavate  a  new  channel  at  a  lower  level  While 
flowing  at  the  upper  level  the  water  forms  a  broad  flood  plain. 
By  the  subsequent  excavation  this  plain  is  in  part  destroyed, 
and  what  remains  becomes  a  terrace.  A  scarp  of  even  height 
^v'Darates  the  terrace  from  the  new  channel  of  the  stream  or 
from  a  new  flood  plain. 
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It  is  characteristic  of  stream  terraces  that  they  slope  in  the 
direction  of  the  stream  that  carved  them. 

Wave  terraces  are  found  on  the  shores  of  all  bodies  of 
water.  The  action  of  waves,  combined  with  that  of  currents, 
carves  away  the  land  on  all  salients.  The  direct  action  is  con- 
fined to  a  few  feet  above  and  below  the  water-level,  but  what- 
ever is  undermiued  by  the  waves  is  thrown  down  by  gravity 
and  brought  within  their  reach.  The  results  of  the  erosion 
are,  first,  a  broad  terrace  lying  under  shallow  water  and  sloping 
pently  from  the  shore  ;  and,  second,  a  sea-cliff  or  scarp  spring- 
ing from  the  water's  edge.  * 

It  is  one  of  the  chief  characteristics  of  a  wave  terrace  that 
its  upper  edge,  where  it  joins  the  scarp,  follows  a  water  Una 
In  the  case  of  Lake  Bonneville  the  water  has  long  since  disap- 
peared from  the  terraces,  but  the  horizontality  remains  as  a 
conspicuous  feature — subject  only  to  slight  modification  by 
orographic  displacement 

Jjella  terraces  are  produced  by  differential  deposition.  Where 
a  stream  enters  a  lake  or  other  body  of  deep  water,  the  chief 
part  of  the  detritus  it  transports  is  deposited  at  its  mouth. 
The  effect  of  this  is  to  extend  its  bed  on  the  side  toward  the 
deep  water.  As  the  mouth  protrudes  a  deposition  takes  place 
along  the  bed,  so  as  to  maintain  a  constant  declivity  of  chan- 
nel, and  soon  the  bed  is  so  raised  that  the  water  finds  a  lower 
way  at  one  side  and  leaves  it.  By  a  repetition  of  this  process 
the  mouth  of  the  stream  is  shifted  from  point  to  point,  and  the 
delta  is  made  to  encroach  on  the  lake  along  its  whole  face. 
The  form  eventually  produced  is  that  of  a  terrace  sloping 
gently  down  to  the  shore  and  there  limited  by  a  submerged 
scarp.  The  declivity  of  the  scarp  depends  on  the  coarseness 
of  tne  material  deposited.  The  declivity  of  the  terrace  is 
identical  with  that  of  the  stream  which  formed  it.  The  con- 
tour separating  the  terrace  from  the  scarp  is  a  curve  convex 
toward  the  lake. 

A  chief  characteristic  of  a  delta  terrace  is  that  its  lower 
edge,  where  it  joins  the  scarp,  follows  a  water  line  and  is  hori- 
zontal In  the  delta  terraces  of  Lake  Bonneville  the  horizon- 
tality remains  though  the  water  has  disappeared. 

Terraces  by  displacement  are  usually  produced  by  faulting. 
A  fault  traversing  a  surface  of  gentle  slope  drops  down  the 
portion  at  one  side  or  lifts  the  portion  at  the  other,  and  sepa- 
rates the  two  by  a  scarp.  The  scarp  is  the  only  feature  added 
to  the  topography,  but  by  its  addition  the  raised  portion  of  the 
slope  becomes  a  terraca 

Whatever  is  characteristic  of  the  terrace  by  displacement 
pertains  to  the  scarp.  A  fault  scarp  usually  holds  an  even 
neight  for  long  distances.      It  maintains  an   even,   often  a 
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strught,  coarse  acroes  the  ooontiy,  aaoending  and  deaoenfiiig 
slopas  without  change  of  direction.  It  is  only  by  aoddcot 
that  it  is  ever  horixsontal. 

Wave  terraces  and  delta  terraces  are  associated  phenoment 
of  shore  linea  They  agree  in  the  essential  character  of  hori- 
sontality,  and  by  that  are  distingnisbed  from  all  other  temooL 
They  have  no  such  relation  to  rock  s^uctore  as  have  temces 
by  differential  erosion.  Their  scarps  are  not  of  even  heigbt 
liKC  those  of  stream  terraces.  Their  course  across  tibe  countiy 
has  the  sinuosity  of  a  contour,  and  not  tiie  directness  of  a  line 
of  orographic  displacement 


Betuming  now  to  the  consideration  of  the  outlet  of  Lake 
Bonneville,  let  us  glance  a  moment  at  the  general  features  of 
the  vicinity.  Cache  Valley  and  Marsh  Valley  are  parts  of  the 
same  troagh-like  depression,  separating  two  mountain  rangea, 
The  general  trend  of  the  trouff  d  and  of  the  ranges  is  a  litde 
west  of  north.  Marsh  Valley  lies  to  the  north  of  Cache  Val- 
ley. It  is  thirty-five  miles  lon^  and  has  a  maximum  width  of 
fourteen  miles.  Cache  Valley  is  fifty-five  miles  in  lenfflh  and 
eighteen  in  width.  At  the  north  end  of  Marsh  Valley  Ae 
trough  is  ended  by  the  junction  or  doae^  approximation  of  the 
bordering  ranses.  At  the  south  end  of  Cache  Valley  it  is  in- 
terruptedby  alow  cross  range  At  Bed  Bock  Pass^  where  the  two 
valleys  adjoin,  the  trough  is  restricted  by  spurs  from  the  two 
ranges,  and  a  few  protruding  crags  show  tnat  there  is  a  low 
cross  ridge  of  limestone  buried  by  more  recent  deposits.  On 
the  west  side  of  Cache  Valley  there  is  a  low  interval  in  the 
bounding  range — so  low  that  the  Bonneville  flood  overtopped 
it  and  made  Cache  Valley  a  bay  of  the  great  lake.  At  this 
point  Bear  Biver  has  cut  a  narrow  gorge,  through  which  the 
drainage  of  the  entire  valley  finds  its  way  to  the  basin  of  Great 
Salt  Lake.  Bear  Biver  and  several  other  streams  enter  Cache 
Valley  from  the  east  by  cafions  traversing  the  bounding  ranga 
In  like  manner  the  Portneuf  cuts  through  the  eastern  range  to 
enter  Marsh  Valley,  and  then  passes  from  it  at  its  extreme 
northwestern  angle  by  a  deep  cut  valley  of  erosion,  opening  to 
the  great  plain  of  the  Snake  Biver. 

According  to  Dr.  Peale,  the  Bonneville  flood  filled  Cache  and 
Marah  Valleys  to  the  same  level.     Bed  Bock  Pass  was  only  a 

>int  of  stricture  of  the  lake,  and  the  outlet  was  at  the  north, 
[e  mentions  terraces  in  Marsh  Valley  and  gives  their  altitudes, 
impliedly  regarding  them  as  shore  terraces.  According  to  my 
own  observations.  Cache  Valley  was  occupied  by  Lake  Bonne- 
ville, and  Marsh  Valley  was  not  so  occupied,  but  was  traversed 
from  south  to  north  by  the  stream  which  overflowed  at  the 
north  end  of  Cache  Valley.     There  are  no  shore  terraces  nor 
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other  lake  phenomena  of  the  Bonneville  epoch  in  Marsh 
Valley. 

In  revisiting  Marsh  Valley  I  traversed  it  from  end  to  end 
and  made  careful  search  for  ancient  shore  terraces.  The  most 
fevorable  position  from  which  to  detect  such  vestiges  is  one 
which  brings  the  eye  in  the  same  horizontal  plane  with  them. 
The  apparent  distortion  which  arises  from  perspective  is  thus 
avoidea,  and  all  the  little  modifications  of  surface  wrought  by 
the  waves,  being  brought  into  one  straight  line  across  thelana- 
scape,  appeal  to  the  eye  by  their  ensemble.  The  most  favorable 
light  for  the  observation  is  one  which  throws  the  scarps  into 
shadow  or  deep  shade,  and  thus  contrasts  tbem  with  the  ad- 
joining terrace  faces.  In  examining  Marsh  Valley  I  gave  par- 
ticular attention  to  the  selection  of  stations  and  of  light,  and  I 
considered  my  inspection  of  no  part  of  the  margin  complete  until 
I  had  viewecl  it  from  the  proper  height  and  in  a  favorable 
light  1  ascended  to  a  level  corresponding  to  that  of  the  Bonne- 
ville beach  at  ten  different  points,  and  the  series  of  views  thus 
obtained  omitted  no  portion  of  the  valley.  I  saw  stream  ter- 
races and  displacement  terraces  of  considerable  magnitude  and 
a  few  inconspicuous  terraces  due  to  unequal  erosion,  but  no 
wave  terrace  and  no  delta  terrace. 

If  Marsh  Valley  had  really  been  filled  by  the  lake,  as  Cache 
Valley  was,  there  could  be  no  difficulty  in  finding  evidence  of 
the  fact  The  water  would  have  been  eight  or  ten  miles  broad 
and  400  feet  deep,  and  the  waves  raised  by  the  wind  on  a  bay 
of  such  dimensions  would  leave  most  conspicuous  monuments 
of  their  force.  Arms  of  Lake  Bonneville  two  or  three  miles  in 
width  and  less  than  100  feet  in  depth  have  elsewhere  been 
traced  out  by  means  of  their  distinct  and  well-characterized 
shore  lines,  and  this  under  conditions  of  slope,  etc.,  similar  to 
those  existing  in  Marsh  Valley. 

But  if  Marsh  Valley  contained  no  lake,  of  what  nature  are 
the  terraces  adduced  by  Dr.  Peale  in  support  of  his  conclu- 
sions ?  The  question  is  easier  proposed  than  answered,  but  I 
think  a  partial  explanation  can  be  given. 

The  first  locality  he  mentions  is  "  two  miles  north  of  Red 
Bock  Pass,  on  the  east  side  of  the  valley."  At  this  place  there 
is  a  conspicuous  stream  terrace  at  about  the  right  altitude  to 
personate  a  delta  terrace  of  the  Bonneville  series.  Its  surface 
is  part  of  an  alluvial  cone  formed  by  Marsh  Creek  before  the 
Bonneville  epoch,  and  its  scarp  is  one  wall  of  the  channel  worn 
by  the  outflowing  river  during  that  epoch.  The  river  pared 
away  the  margin  of  the  sloping  plain  spread  by  the  creek  and 
left  the  remainder  as  a  terrace.  The  ease  of  this  terrace  is,  at 
its  highest  point,  50  feet  higher  than  the  nearest  trace  of  the 
Bonneville  oeach,  two  miles  away ;  and  it  descends  northward 
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until  it  pasaes  bolov  tho  level.    On  top  <rf  tbe  temee  Mil  ! 
about  half  a  mile  back  (east)  from  its  eoee,  there  is  a  BeoODd   ' 
Boarp  from  10  to  20  iaet  in  height,  aod  dtw  to  diq^laoanai   i 
Tbii  &dee  oat  to  tbe  nordiward  and  at  tbe  same  time  ^Boeoda 
vitii  tbe  general  slope.    Dr.  Peale'a  obeer?a1aon  probably  tden 
to  one  or  tbe  other  of  these  scwps,  and  in  either  ease  faib  to 
take  aooonnt  of  the  lack  of  horisoDtalitf. 


(,-o<Jw    1'"^^ 


His  second  locality  is  "aix  miles  west  of  Bed  Rock  Phpb." 
The  only  terraces  I  foaDd  at  that  point  are  stream  terraoea 
sloping  so  conapicuoualy  to  the  N.E.  and  N.W.  that  it  is  hard 
to  beheve  they  were  mistaken  for  beaches.  A  few  milea 
beyond  there  is  a  fault  scarp  with  a  much  stronger  semblance, 
and  where  this  crosses  the  old  freight  road  which  aacends  to 
Malade  Pass  it  has  very  nearly  the  altitude  appropriate  for  the 
Bonneville  Beach,  Its  true  obaracter,  however,  cannot  be  mis- 
taken when  it  is  critically  examined. 

His  third  locality,  "  twenty-six  milee  from  Bed  Book  Faa    , 
on  tbe  west  side  of  the  valley,"  was  not  identified. 
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Passing  now  from  the  subject  of  the  general  position  of  the 
outlet  to  the  question  of  its  precise  location  at  tne  time  of  the 
commencement  of  the  outflow,  I  find  myself  able  to  make  a 
concession  to  Dr.  Peale.  I  at  first  supposed  that  the  divide 
originally  lay  between  Red  Rock  and  Hunt's  Butte,  just  as  it  lies 
to-day,  and  I  so  described  it  A  careful  reexamination  of  the 
locality  has  convinced  me  that  I  was  in  error,  and  has  led  me 
to  assign  it  a  position  two  miles  north  of  Red  Rock.  Dr.  Peale 
placed  it  about  forty-five  miles  north  of  Red  Rock,  so  that  iay 
new  determination  is  nearer  to  his  than  my  old  was. 

With  the  aid  of  the  accompanying  map  I  hope  to  make  the 
chief  topographic  features  of  the  locality,  and  the  history  of 
the  outflow,  clear  to  the  reader. 

At  the  point  of  greatest  orographic  constriction,  that  is,  where 
the  mountains  bordering  the  general  trough,  approach  nearest 
to  each  other,  there  is  evidence  of  a  connecting  ridge  of  lime- 
stone. This  ridge  is  so  low  that  only  a  few  peaks  of  its  serrated 
crest  project  through  the  superBcial  deposits.  To  it  belong 
Bed  Rock  (R),  Hunt's  Butte  (H)  and  the  hills  marked  L,  L,  £ 
Just  north  of  the  ridge  Marsh  Creek  issues  from  the  moun- 
tains at  the  east.  It  flows  southwestward  for  three  miles, 
makes  a  sharp  turn  about  Hunt's  Butte,  and  then  flows 
northward  to  Marsh  Valley,  occupying  the  old  river  bed 
all  the  way  from  Hunts  Butte.  It  is  the  largest  stream  of 
the  vicinity  of  the  pass,  and  has  thrown  so  much  debris  into 
the  river  bed  that  it  has  determined  the  modem  divide  at  the 
point  of  its  accession.  It  is  contained  by  high  banks  all  the 
way  from  its  mountain  caQon  to  Hunt's  Butte  and  has  no  free- 
dom to  shift  its  course  over  its  own  alluvion  until  it  enters  the 
river  bed.  Before  the  Bonneville  epoch, — before  the  river  bed 
was  cut,  the  creek  had  dug  no  deep  channel  outside  the  moun- 
tain cafLon  and  was  free  to  roam  at  will.  It  distributed  its 
debris  equally  in  all  directions,  building  a  fan-shaped  alluvial 
plain  (A)  with  its  apex  at  the  mouth  of  the  cafion.  All  parts  of 
this  plain  radiated  with  equal  slope  from  its  apex,  and  its  sur- 
fiwe  was  part  of  a  low -crowned  cone.  In  brief  it  was  an  allu- 
vial cone.  It  extended  westward  until  it  met  the  foot-slopes  of 
a  spur  of  the  western  range  and  that  point  of  meeting  (x),  which 
was  about  two  miles  north  of  Red  Rock,  was  the  divide  between 
Cache  and  Marsh  Valleys.  When  the  brimming  waters  of  Lake 
Bonneville  were  discharged  across  it,  a  river  channel  was  slowly 
excavated,  and  the  margin  of  the  alluvial  cone  was  cut  away. 
The  edge  of  the  surviving  slope  is  fifty  feet  higher  than  the 
Bonneville  beach  at  Hunt's  Butte  and  therefore  fifty  feet 
higher  than  the  original  divide.  As  the  channel  of  outflow 
deepened  by  wear,  the  lake  level  was  lowered  and  its  shore 
retreated  southward.     The  head  of  the  outflowing  stream  fol- 
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lowed  the  retreatiDg  shore  until,  at  the  Provo  stage  of  Lake 
Bonneville— the  lowest  stage  of  outflow, — ^the  point  of  ontlet 
was  at  the  edge  of  what  is  called  Bound  Valley  Marah  {y\  Dine 
miles  south  of  Bed  Bock.  When  the  lake  dried  away,  the 
divide  was  left  at  that  place,  but  Marsh  Greek  has  resumed 
control  of  it  by  constructing  an  alluvial  cone  in  the  old  river 
bed  at  Hunt's  fiutte  (a)  and  building  it  higher  than  the  level  of 
the  last  dischargeL 

The  Bonneville  water  line,  so  &r  as  it  survives,  is  represented 
by  the  heavy  lines  B,  B.  Its  restored  continuation  and  the 
restored  banks  of  the  outflowing  river  are  represented 
by  heavy  broken  lines.  The  marj^ns  of  the  water  at  its 
lowest,  or  Provo  sta^e,  when  the  point  of  outlet  was  at  y,  is 
shown  by  lighter  broken  lines. 

While  Marsh  Greek  was  building  its  ancient  alluvial  cone,  it 
ran  in  turn  over  all  parts  of  it  At  times  it  passed  south  of  the 
divide  and  flowed  to  the  Ghreat  Basin.  At  other  times  it  pasBed 
north  of  the  divide  and  flowed  to  the  Portneuf  river.  When 
the  outflow  of  the  lake  was  initiated  and  the  water  level  heguk 
to  be  lowered  by  the  deepening  of  the  channel  of  outflow  it 
chanced  that  the  creek  was  running  over  the  southern  part  of 
its  cone,  and  discharging  into  the  bke  at  Hunt's  Butte.  The 
lowering  of  its  point  of  discharge  caused  the  creek  to  cutaway 
its  bed  instead  of  building  it  up  and  it  ceased  to  shift  its  chan- 
nel. As  the  river  bed  grew  deeper,  so  did  the  channel  of  the 
creek,  and  the  latter  now  flows  several  hundred  feet  below  the 
top  of  its  old  cone.  When,  by  the  building  of  its  new  cone  in 
the  abandoned  river  bed,  the  creek  recovered  possession  of  the 
divide,  it  resumed  its  ancient  practice  of  discharging  alternately 
to  the  north  and  to  the  south.  To-day  it  is  a  tributary  of  the 
Portneuf.  The  next  freshet  may  clog  its  channel  with  debris 
and  divert  it  to  the  drainage  of  Bear  river. 

After  the  publication  of  my  former  article,  I  learned  that  the 
outlet  had  been  independently  discovered  by  my  friend,  Mr. 
Gilbert  Thompson,  and  I  am  glad  of  this  opportunity  to  give 
him  credit.  Mr.  Thompson  is  not  a  professea  geologist,  but  he 
is  an  expert  topographer,  and  his  close  study  of  the  natural 
forms,  which  it  is  his  work  to  delineate,  has  more  than  once  led 
to  observations  valuable  to  the  geologists  with  whom  he  has 
been  associated.  I  quote  the  following  from  his  letter  dated 
April  10,  1878: 

**  Thanks  for  your  brochure,  *  the  Ancient  Outlet  of  Great 
Salt  Lake.'  The  past  season  I  was  along  the  northern  limits 
of  the  ancient  lake,  between  111°  and  112''  22'  80"  and  was 
absolutely  ignorant  of  your  examination  in  1876  and  its  re- 
sults. ....  I  was  very  much  interested  in  the  general 
subject  of  its   limits    and  also  of    its  outlet  ....  Toward 
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tbe  last  of  the  season,  as  I  surveyed  from  the  north  the 
road  through  Red  Rock  Pas?,  after  noting  the  remarkable  topo- 
graphical features  of  Marsh  Creek,  and  keeping  a  close  run  of 
the  profile  as  given  by  the  aneroid,  I  was  delighted  at  Red 
Bock  to  see  unmistakable  evidences  of  the  ancient  outlet  of 

Great  Salt  Lake Thus  you  may  have  the  gratification  of 

knowing  of  an  independent  and  entirely  unbiased  verification 
of  your  determination  of  this  point;  and  it  is  nowhere  else  in 
the  limits  I  have  mentioned.*' 


Abt.  XLIII. — TAe  Chemical  and  Geological  Belations  of  the  At- 
mosphere ;*  by  T.  Sterry  Hunt,  LL.D.,  F.RS. 

Questions  concerning  the  condition  of  the  terrestrial  atmos- 
phere in  former  periods  of  the  earth*s  history,  and  its  geological 
relations,  have  occupied  the  attention  of  naturalists,  physicists 
and  chemists.  Bronguiart  long  since  suggested  that  the  abundant 
vegetation  of  the  Coal-period  indicated  the  existence  of  a  large 

Eroportion  of  carbonic  acid  in  the  air  at  that  time.  Ebelmen, 
owever,  appears  to  have  been  the  first  to  clearly  understand 
the  great  geological  significance  of  the  atmosphere,  and  in  bis 
two  remarkable  memoirs  on  the  decomposition  of  rocks,  pub- 
lished in  the  Annales  des  Mines  in  1845  and  1847,t  treated  the 
subject  in  its  atmospheric  relations  with  much  research  and 
philosophic  breadth.  Starting  from  the  chemical  changes  of 
crystalline  silicate  rocks,  he  considered  both  the  conversion  of 
feldspars  into  kaolin,  and  the  decay  of  protoxide-silicates,  such 
as  amphibole  and  olivine.  The  sub-aenal  decomposition  of  the 
feldspars  had  already  been  shown  by  Berthier  to  result  in  the 
separation,  in  a  soluble  form,  of  the  protoxide-bases,  together 
with  a  portion  of  silica,  from  an  insoluble  aluminous  silicate  of 
definite  composition.  The  analyses  of  Ebelmen  now  estab- 
lished the  fact  that  the  protoxide-silicates  just  mentioned,  lose, 
under  similar  conditions,  the  whole  of  their  lime  and  magnesia, 
and  nearly  the  whole  of  their  silica,  leaving  little  behind  save 
the  higher  oxides  resulting  from  the  fixation  of  atmospheric 
oxygen  by  the  ferrous  and  manganous  oxides  of  the  silicates  ; 

*  A  summary  of  the  views  presented  in  this  memoir  was  given  at  Dublin,  in 
August,  1878,  before  the  British  Association  for  the  Advancement  of  Science. 
An  abstract  thereof  appeared  in  the  Proceedings,  and  will  be  found  in  Nature  for 
August  29,  1878  (vol.  xviii,  p.  475.)  The  principal  conchisions  of  the  memoir  are 
also  embodied  in  a  communication  made  by  the  author  to  the  French  Academy  of 
Sdenoes,  and  published  in  the  Comptes  Rendus  of  September  23,  1878  (vol. 
Izxzvii,  page  462.)  They  will  also  be  found  set  forth  in  the  preface  to  a  second 
edition  of  the  writer's  Chemical  and  Geological  Essays  (pages  ix-xix)  published 
in  the  spring  of  the  same  year. 

f  4th  Series,  vols,  vii  nnd  xiii.  These  memoirs  will  also  be  found  in  the 
Beoeun  des  Tray.  Sclent  de  M.  Ebelmen ;  Paris,  1866,  vol.  ii,  pp.  1-79. 
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the  solable  bases  being  in  all  cases  removed  by  atmosphorio 
waters  in  ihe  form  of  carbonates.  Snch  a  decomposition  of 
these  silicates  shows  that  the  removal  of  silica  in  aoluble  Am 
does  not  depend  on  the  intervention  of  alkalie& 

The  atmosphere  of  our  earth  at  a  pressure  of  760  millimeten 
has  a  weight  of  10,888  kilc^rams  to  the  square  meter,  of 
which  the  oxygen  equals  2,876,  and  the  carbonic  dioxide  (if 
we  take  Boussiogault  and  L^wy's  determination  of  four  and  a 
half  parts  in  10,000  parts  by  weight)  4-64*  kilograms.  The 
alkali  of  100  parts  of  orthoclase  would  require  for  its  neutrslir 
zation  7*8  parts  of  carbonic  dioxide,  so  that  a  cubic  meter  of 
this  silicate,  of  specific  gravity,  2'5,  would,  by  the  calculation  of 
Ebelmen,  fix.  in  the  process  of  decay,  196  kilograms  of  ths 
gas.  From  this  it  results  that  a  layer  of  orthoclase  over  the 
earth  of  0*0288  meter,  or  one  of  less  than  1*0  meter  over 
one-fortieth  of  its  sur&ce,  would,  in  its  decomposition,  absocb 
the  whole  amount  of  this  gas  now  present  in  the  atmospfaera 
Ebelmen  further  calculated  that  the  formation  of  a  layar  of 
kaolin  by  this  process,  600  meters  in  thickness,  would  requiro 
an  amount  of  carbonic  dioxide  equal  to  many  times  the  weight 
of  the  present  atmospher& 

We  have  repeated  and  extended  these  calculations,  with  re* 
vised  equivalent  weights,  and  with  the  following  results :  A 
cubic  meter  of  orthoclase,  with  a  density  of  2*6,  and  oontainioff 
theoretically  16*9  per  cent,  of  potash,  eq^uivalent  to  7'89  ot 
carbonic  aioxide,  would  absort)  in  kaolinization  197 '8  kilo- 
grams of  this  gas,  while  a  cubic  meter  of  albite  of  density  2iJ, 
containing  11'8  of  soda,  equivalent  to  8*37  of  carbonic  dioxide, 
would  require  not  less  than  217*6  kilograms  of  the  same.  The 
figure  of  195  kilograms,  adopted  by  Ebelmen,  was  thus  below 
the  truth,  and  we  may,  in  view  of  the  considerable  proportion 
of  soda-feldspar  in  the  oldest  crystalline  rocks,  conveniently 
assume  200  kilograms  as  the  amount  of  carbonic  dioxide 
required  to  unite  with  the  alkali  from  a  cubic  metre  of  ortho- 
clase or  albite,  and  form  therewith  a  neutral  carbonate. 

In  such  a  decomposition,  100  parts  of  orthoclase  give  theo- 
retically about  46*5  parts  of  kaolin,  so  that  TO  meter  in  thick- 
ness 01  orthoclase  of  the  above  density  should  yield  0*447 
meter  of  kaolin  of  density  2'6.  If  we  assume  this  process  to 
have  consumed  for  a  cubic  meter  or  2500  kilograms  of  ortho- 
clase, 200  of  carbonic  dioxide,  we  find  that  a  layer  of  51*66 
meters  of  orthoclase,  or  its  equivalent  of  quartzo-feldspatbic 
rock,  in  undergoing  the  same  change,  would  absorb  10,888 
kilograms  of  this  gas,  equal  to  the  entire  weight  of  the  present 
atmospheric  column,  and  would  yield  a  layer  of  pure  kaolin 
28*7  meters  in    thickness.     The  production  of   a  stratum  of 

*  This,  by  an  error  in  Ebelmen's  memoir,  is  given  as  only  1*24  kflosrtma. 
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lolin  500  meters  in  thickness  over  the  whole-'surfaee  of  the 
obe,  would  thus  require  an  amount  of  carbonic  dioxide 
[ual  to  more  than  twenty-one  times  the  entire  weight  of  our 
esent  atmosphere. 

The  absorption  of  this  gas  in  the  decay  of  silicates  like 
)rnblende,  pyroxene  and  olivine  is  far  greater.  If  we  assume 
r  convenience  a  hornblende  containing  20*0  per  cent  of  mag- 
jsia,  and  14*0  of  lime,  with  a  density  of  8*0  (which  figures 
«  not  above  the  average)  we  find  that  it  will  require  88*0 
jr  cent,  or  in  round  numbers  one-third  its  weight  of  carbonic 
oxide  to  convert  these  two  bases  into  neutral  carbonates ;  so 
lat  a  meter-cube  of  hornblende,  weighing  8000  kilograms, 
ould  consume  not  less  than  1000  kilograms  of  carbonic 
oxide.  In  other  terms,  the  decay  of  10^  meters  of  such 
>mblende  (or  its  equivalent  in  hornblendic  rock)  would 
)sorb  10,883  kilograms,  or  a  whole  atmosphere  of  this  gas, 
jing  five  times  as  much  as  is  taken  up  in  the  kaolinization  of 
le  same  volume  of  orthoclase. 

The  hornblendes  in  question  are  seldom  without  several 
nndredths  of  iron  as  ferrous  oxide,  which  is  peroxidized  in 
16  process  of  decay,  and,  with  a  little  silica,  is  the  chief 
[Soluble  residue  in  the  case  of  non-aluminous  hornblendes. 
1  this  connection  we  revert  to  a  farther  calculation  by  Ebel- 
en,  who  pointed  out  that  the  conversion  of  21,857  kilograms 
:  ferrous  oxide  into  23,750  kilograms  of  ferric  oxide  would 
>nsume  the  whole  of  the  2,373  kilograms  of  oxygen  con- 
lined  in  the  present  atmosphere;  so  that  if  we  suppose  the 
Kistence  over  the  whole  earth  of  1,000  meters  of  sediments 
erived  from  the  decay  of  crystalline  rocks,  and  containing 
aly  one  per  cent  of  ferric  oxide  thus  formed,  this  amount 
ould  equal  25,000  kilograms  per  square  meter  of  surface, 
jquiring  for  its  production  from  ferrous  oxide  the  absorption 
I  a  quantity  of  oxygen  more  than  equal  to  that  now  contained 
I  our  atmosphere. 

Ebelraen,  at  the  same  time,  referred  to  the  well-known 
^oxidation  of  carbonic  dioxide  by  growing  vegetation,  and 
so  to  the  reduction,  by  decaying  organic  matters,  of  sulphates 
i  sulphids,  with  reproduction  of  carbonic  dioxide,  through 
hich  the  generation  of  metallic  sulphids  in  nature  gives  to 
le  atmosphere,  in  union  with  carbon,  a  portion  of  the  oxygen 
reviously  combined  with  sulphur  and  with  the  metals. 

The  following  calculations  may  serve  to  bring  still  more 
lily  before  us  the  great  geological  significance  of  these  atmos- 
beric  changes.  The  weight  of  a  layer  of  pure  carbon,  with  a 
ensity  of  1*25  and  a  thickness  of  0*7  meter,  would  require  for 
s  conversion  into  carbonic  dioxide  the  whole  of  the  oxygen 
F  our  present  atmosphere.     The  separation  of  such  an  amount 


86S  T.  &  Buni—Chemwal  and  GetOogieai 

of  carbon  by  the  process  of  v^etable  growth  most  ihenCon 
have  liberated  the  same  volume  of  oxygen  Again,  a  atntem 
of  carbonate  of  lime  of  specific  gravity  2%  covering  the  eaidi 
with  a  thickness  of  8*69  metres,  (or  one  of  dolomite  of  hl  gr 
2*86,  and  T'SS  meters  thick)  would  contain  an  amount  of  oi^ 
bonic  dioxide  equal  in  weight  to  the  present  atmosphere.* 

It  was  in  view  of  these  processes  that  Ebelmen  declared,  in 
1846,  that ''  the  decomposition  and  the  reproduction  of  oertaun 
mineral  species  very  aoundant  on  the  sQixace  of  the  ^lobe  och** 
responds  to  important  modifications  in  the  composition  of  tbe 
atmosphere."    He  farther  said,  "  Many  circumstances  tend  lo 

SRove  that  in  ancient  geolcMpcal  periods  the  atmosphere  was 
enser,  and  more  rich  in  caroonic  acid,  and  perhaps  in  oxygen, 
than  at  present  To  a  greater  weight  of  the  atmospheric  en- 
velop  would  correspond  a  stronger  condensation  of  the  solar 
heal^  and  atmospheric  phenomena  of  a  much  greater  intensity."! 
Similar  conclusions  with  r^ard  to  the  physical  relations  6t  t 
denser  primeval  atmosphere  were  subsequently  announced  by 
the  late  Edwin  B.  Hunt,  in  an  essay  on  Terrestrial  ThermotiGS, 
presented  to  the  American  Association  for  the  Advancement 
of  Science,  in  1849,  and  published  in  its  Proceedings  for  that 
year,  page  185. 

We  may  get  a  clearer  notion  of  the  problem  before  us  bv 
inquiring  into  the  probable  amounts  of  carbonic  dioxide  which 
have,  in  past  ages,  oeen  abstracted  from  the  atmosphere.  In  a 
communication  to  the  British  Association  for  the  Advancement 
of  Science,  in  18774  Mr.  J.  L.  Mott  concludes,  as  the  result  of 
calculations,  that  the  average  amount  of  unoxidized  carbon  to 
a  square  mile  of  the  earth's  crust  cannot  be  less,  and  is  proba- 
bly many  times  greater  than  8.000,000  tons;  while  a  layer  of 
0*7  meters  of  carbon  of  density  1*25,  (about  that  of  coal)  which 
we  have  calculated  to  be  equal  to  the  total  atmospheric  oxygen, 
would  weigh  only  about  2,200,000  tons  to  the  square  mila 
Mr.  Mott  rightly  argues  that  the  presence  in  the  atmosphere  of 
so  great  an  amount  of  carbon  in  the  form  of  dioxide  would 
imply  a  condition  of  things  incompatible  with  the  existence  of 
animal  life,  and  at  the  same  time  concludes  that  its  deoxida- 
tion  would  yield  an  excessive  amount  of  oxygen.  He  is  hence 
led  to  assume  the  existence  in  the  earth  of  a  constant  amount 
of  carbon,  which  is  subject  to  an  annual  subterranean  oxida- 
tion equal  to  the  amount  of  carbon  annually  removed  by  vege- 
tation ;  the  source  of  the  original  amount  of  carbon  being,  in 
his  hypothesis,  left  unexplained. 

*  T.  Sterry  Hunt  on  the  Primeval  Atmosphere,  Proc.  Amer.  Assoa  Adv.  Sdenoe, 
1866,  and  Can.  Naturalist,  II,  iil,  118. 

t  Ann.  des  Mines,  lY,  vii,  G5 ;  also  Reoeuil  des  Trav.  Scient  de  M.  EbelmeB, 
vol.  ii,  p.  65. 

X  Nature,  voL  xvi,  p.  406. 
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While  some  have  imagined  an  inorganic  origin  to  the  carbon 
found  in  the  form  of  graphite,  and  even  to  petroleum  and  to 
ooal,  sound  reasoning  is,  we  think,  on  the  side  of  those  who,  start- 
ing from  th^  conception  of  an  originally  oxidized  globe,  see  no 
evidence  of  any  process  of  deoxidation  therein  which  does  not, 
directly  or  inairectly,  depend  upon  vegetable  life,  and  hence 
assign  an  organic  origin  to  all  carbons  and  hydrocarbons. 
When  we  take  intoae<50unt  the  vast  amounts  of  these,  from  the 
graphite  of  Eozoic  times  to  the  coals,  lignites  and  petroleums 
of  the  Tertiary,  we  can  scarcely  doubt  that  the  total  amount 
of  carbon  which  has  been  reduced  from  carbonic  dioxide  is 
equal  to  many  times  the  equivalent  of  the  oxygen  now  present 
in  the  atmosphere.  Whether  the  great  excess  of  oxygen  thus 
liberated  may  perhaps  have  been  absorbed  in  the  production 
of  ferric  oxide,  as  above  indicated,  is  a  part  of  the  problem  be- 
fore u& 

It  may  here  be  noted  that  in  addition  to  the  fossil  carbon- 
aceous bodies  already  mentioned,  the  rocky  strata  of  the 
earth  include  great  thicknesses  of  pyroschists,  which  are  argilla- 
ceous sediments  more  or  less  impregnated  with  hydro-carbon- 
aceous matters  allied  to  coal  in  composition.  To  give  a  single 
example,*  Newberry  estimates  the  proportion  of  such  matters 
diffused  through  the  800  or  400  feet  of  Devonian  black  shales 
which  underlie  the  eastern  half  of  Ohio,  to  equal  fifteen  per 
cent,  and  to  be  equivalent  to  a  layer  of  coal  fifty  feet  in  thick- 
ness over  the  whole  area.* 

In  this  connection  it  must  be  considered  that  the  chemical 
composition  of  the  various  hydrocarbonaceous  fossil  substances 
implies  a  deoxidation  not  only  of  carbonic  dioxide  but  of  wa- 
ter. The  amount  of  liberated  oxygen  from  the  latter  would 
equal,  for  the  different  coals  and  asphalts,  from  one-eighth  to 
one-fourth,  and  for  the  petroleums,  one-half  of  that  set  free  in 
the  deoxidation  of  the  carbon  which  these  hydrocarbonaceous 
bodies  contain. 

The  amount  of  carbon  removed  from  the  atmosphere  in  a 
deoxidized  form  by  vegetation  is,  however,  small  when  com- 
pared with  that  which  has  been  absorbed  during  the  decom- 
position of  silicates,  and  is  now  fixed  as  insoluble  carbonates, 
chiefly  in  the  form  of  limestones  and  dolomites.  That  both 
ther  alkaline  carbonates  liberated  in  the  decay  of  feldspars, 
and  the  magnesian  carbonate  set  free  in  like  manner  from 
magnesian  silicates,  must  decompose  the  chlorid  of  calcium 
contained  in  the  primitive  ocean,  thereby  giving  rise  to 
alkaline  and  magnesian  chlorides  on  the  one  hand,  and  to 
carbonate  of  lime  on  the  other,  is  a  consequence  which  seems 
to  have  escaped  Ebelmen,  and  was  pointed  out  by  the  present 

*  Geology  of  Ohio,  vol.  i,  page  162. 
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writer  in  1868.  In  1862,  bowever,  there  was  opened  a  aeiM. 
racket  which  had  been  in  1844  deposited  by  CSordier  with  the 
French  Academy  of  Sciences,  and  was  found  to  contain  vieva 
as  to  the  origin  of  limestones  and  of  sea-salt  similar  to  tboae 
just  stated.*  Thus,  in  the  present  state  of  our  knowledgs  « 
conclude  that  all  carbonates  of  lime,  whether  directly  fbimed 
by  the  decay  of  calcareous  silicates,  or  indirectly  throng  the 
intervention  of  carbonates  of  magnesia  or  alkalies,  derive  their 
carbonic  dioxide  from  the  atmosphere.  The  same  must  be  nid 
for  the  dolomites,  magnesites  and  siderites. 
We  have  already  shown  that  a  weight  of  carbonic  diocdda 

Sua]  to  more  than  twenty-one  times  that  of  our  present  atnus- 
ere  would  be  absorbed-in  the  production  from  orthodaiw  of 
a  layer  of  kaolin  extending  over  the  earth's  surface  widi  a 
thickness  of  500  meters,  an  amount  which  evidenUy  reprs> 
sents  but  a  small  proportion  of  the  results  of  feldspathic  deoaj 
in  the  sedimentary  strata  of  the  globa  The  aluminous  mli- 
cates  in  the  oldest  crystalline  rocks  occur  in  the  forms  of 
feldspars  and  related  species,  and  are,  so  to  speak,  saturated  with 
alkalies  or  with  lime.  It  is  only  in  more  recent  formatioDBi 
that  we  find  aluminous  silicates  either  free  or  with  reduoed 
amounts  of  alkali,  as  in  the  argillites  and  clays,  in  micaoeom 
minerals  like  muscovite,  margarodite,  damourite  and  pyrophyt 
lite,  and  in  kyanite,  fibrolite  and  andalusite,  all  of  which  we 
regard  as  derived  indirectly  from  the  more  ancient  feldsparsLf 
It  has  been  shown  that  the  disengagement  of  the  carbonic 
dioxide  from  a  layer  of  limestone  covering  the  earth's  surhce 
with  a  thickness  of  8*69  meters,  would  double  the  weight  of 
the  atmosphere.  The  existence  of  vast  formations  of  lime- 
stone and  dolomite,  often  many  hundred  meters  in  thickness, 
throughout  all  geological  periods,  will,  it  is  believed,  justify 
the  conclusion  that  the  carbonates  of  the  earth's  crust  are 
equal  to  a  continuous  layer  of  limestone  869  meters  thick,  and 
probably  to  more  than  double  this  amount  From  this  it  would 
follow  that  the  earth  contains,  fixed  in  the  form  of  carbonates, 
a  quantity  of  carbonic  dioxide,  which,  if  liberated  in  a  gaseous 
form,  would  be  equal  in  weight  to  one  hundred  if  not  to  two 
hundred  atmospheres  like  the  present     A  considerable  portion 

*  Hunt,  Chem.  and  Geol.  Essajs,  pp.  2  and  20. 

f  These  considerations,  and  their  stratigraphical  bearings^  first  set  forth  in 
18G3  (Chem.  and  G«ol.  Kssays,  pp.  27  and  28).  will  be  found  further  developed  in  the 
writer's  report  on  Azoic  Rocks,  2d  GeoL  Survey  of  Penn.,  18V8,  p.  210.  It  ifl  a 
question  how  far  the  origin  of  the  yarious  crystalline  aluminous  silicates  named 
above  is  to  be  sought  in  a  process  of  diagenesis  in  ordinary  aqueous  eediments 
holding  the  ruins  of  more  or  less  completely  decayed  feldspars.  Other  aluminous 
rock-forming  silicates^  such  as  chlorites  and  magpiesian  micas,  are  however  ooo- 
nected,  through  aluminiferous  amphibolos^  with  the  non-aluminous  magneeian 
silicates,  and  to  all  these  various  mag^esian  minerals,  as  maintained  in  a  previous 
paper  in  this  volume  (History  of  some  pre-Cambrian  Bocks,  eta,  page  270)^  a 
very  different  origin  must  be  assigned. 
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of  this  was  doubtless  absorbed  at  an  early  period  in  the  his- 
tory of  our  globe,  since  the  limestones  of  the  Eozoic  are  of 
great  thickness,  and  those  of  more  recent  times  have  been  in 
part  formed  by  the  solution  and  re-deposition  of  portions  of 
these  older  limestones. 

The  question  now  arises,  whence  came  this  enormous  vol- 
ume of  carbonic  dioxide  which,  since  the  dawn  of  life  on  our 
Slanet,  has  been  fixed  in  the  form  of  carbon  and  carbonates  ? 
'he  presence  of  even  a  small  proportion  of  it  at  any  one  time 
in  the  terrestrial  atmosphere  is  evidently  incompatible  with  the 
existence  of  vegetable  and  animal  life,  and  it  may  be  added 
that  the  pressure  of  a  column  of  this  gas  less  than  the  mini- 
mum of  100  atmospheres  which  we  have  supposed,  would  suf- 
fice, at  ordinary  temperatures,  for  its  partial  liquefaction ;  the 
tension  of  liquid  carbonic  dioxide  at  30^*7  C.  being,  according 
to  Mareska  and  Donny,  but  eighty  atmospheres.  We  are 
therefore  forced  to  the  conclusion  that  this  gas'gwas  gradually 
supplied  from  a  source  either  within  the  earth  or  beyond  our 
atmosphere. 

The  difficulties  of  this  problem  were  not  overlooked  by 
Ebelmen,  though  he  apparently  failed  to  recognize  their  full 
weight  He  takes  care  to  remark :  "  I  do  not  pretend  that  this 
immense  proportion  of  carbonic  acid  ever  made  part,  at  any 

one  time,  of  the  terrestrial  atmosphere I  see  in  volcanic 

phenomena  the  principal  agent  wnich  restores  to  the  atmosphere 
the  carbonic  acid  which  the  decomposition  of  rocks  removes 
from  it"  He  then  inquires  whether  the  carbonic  acid  (car- 
bonic dioxide)  evolved  from  the  earth's  interior,  comes  from 
the  decomposition  of  carbonates  at  great  depths  and  high  tem- 
peratures by  reactions  with  silicious  matters,  or  whether  we 
may  imagine,  with  Elie  de  Beaumont,  the  existence  of  an  im- 
mense reservoir  of  carbonic  acid  dissolved  in  the  supposed 
liquid  interior  of  the  earth  as  oxygen  is  held  in  fused  litharge 
or  in  molten  silver.  In  either  case,  remarks  Ebelmen,  the  ces- 
sation of  volcanic  phenomena  would  be  followed  by  the  re- 
jmioval  from  the  atmosphere  of  the  last  traces  of  carbonic  acid, 
a  process  which  would  entail  the  extinction  of  all  vegetable  and 
animal  life. 

Of  these  two  suggested  sources  of  the  terrestrial  carbonic 
dioxide,  a  little  reflection  will  show  that  although  the  first  is 
doubtless  a  true  one,  and  will  serve  to  account  for  that  which 
is  so  often  disengaged  from  the  earth,  both  in  volcanic  and  non- 
volcanic  regions  (having  a  similar  origin  to  the  chlorhydric, 
sulphuric  and  boric  acids  evolved  under  analogous  conditions — 
namely,  the  decomposition  of  saline  compounds  of  aqueous 
origin),*  it  by  no  means  meets  the  requirements  of  the  problem. 

*  Hunt,  Chem.  and  Qeol.  Essajs,  pp.  8  and  111. 
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As  peoeding  oalciiIationB  have  sliown,*  it  is  not  a  qaeslioD  of  • 
BmaJl  amoant  of  carbonic  dioxide  alternatelj  removed  froa 
oar  atmoBphere  by  sub-aerial  reactions  and  restored  to  it  bf 
subterranean  processes,  but  of  a  vast  quantity  of  this  gM 
which,  at  one  time  or  another,  has  existed  in  the  terrestrial  it- 
mosphere,  but  is  now  removed  from  the  aerial  cireulatioD  and 
locked  up  in  the  form  of  carbonates. 

As  regards  the  second  source  of  carbonic  dioxide,  suggesfcod 
by  Ebelmen  after  Elie  de  Beaumont,  it  is,  unlike  the  Isil^ 
purely  hypothetical  That  the  globe  has  a  molten  interior  k^ 
in  the  present  state  of  our  knowledge  of  terrestrial  ph^rsei^ 
very  improbable,  and  if  such  exists,  the  notion  that  it  intMV 
venes  directly  in  volcanic  phenomena  is  still  more  so.  The 
suggestion  that  such  a  molten  interior  might  hold  dissalved  a 
great  volume  of  carbonic  dioxide  appears,  moreover,  to  be  is-* 
consistent  with  what  we  know  of  the  behavior  of  faroao»* 
slags,  which,  though  formed  in  atmospheres  highly  chaigei 
with  this  ^as,  do  not,  as  shown  by  their  behavior  in  oooluo^ 
hold  it  m  solution.  The  tendencies  of  modem  geologiol 
thought  and  iDvestigation,  it  may  be  said,  lead  to  the  oondu- 
sion  that  the  seat  of  volcanic  phenomena  is  to  be  found  in  sedi- 
mentary strata,*  and  that  although  the  earth's  interior  intav 
venes  as  a  source  of  heat,  the  carbonic  dioxide  diaenmssd 
from  its  crust  is  derived,  as  in  the  first  hypothesiB  mentioned 
by  EbelmcD,  from  the  decomposition  of  caroonates  previously 
generated  by  sub-aerial  reactions. 

The  problem  still  before  us  is  then  to  find  the  source  of  the 
vast  amount  of  carbonic  dioxide  continuously  supplied  to  the 
atmosphere  throughout  the  geologic  ages,  and  as  continuously 
removed  therefrom,  and  fixed  in  the  form  of  carbonaceous 
matters  and  limestones.  We  have  shown  reasons  for  reject- 
ing the  theory  which  would  derive  this  supply  either  from  the 
earth's  interior  or  from  its  own  primal  atmosphere,  and  must 
therefore  look  for  it  to  an  extra-terrestrial  source.  The  new 
hypothesis,  which  we  here  advance,  starts  with  the  assumption 
that  our  atmosphere  is  not  primarily  terrestrial  but  cosmical, 
and  that  the  air,  together  with  the  water  surrounding  our  earth, 
(whether  in  a  liquid  or  a  vaporous  state)  belongs  to  a  contina- 
ous  elastic  medium  which,  extending  throughout  the  intei> 
stellary  spaces,  is  conden.^ed  around  attracting  bodies  in  amounts 
proportional  to  their  mass  and  temperature.  This  universal 
atmosphere  (if  the  expression  may  be  permitted,)  would  then 
exist  m  its  most  attenuated  form  in  the  regions  fartherest  dis- 
tant from  these  centers  of  attraction  ;  while  any  change  in  the 
gaseous  envelope  of  any  globe,  whether  by  the  absorption  or 
condensation,  or  by  the  disengagement  of  any  gas  or  vapor 

♦  Ibid,  pp.  69-67. 
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by  the  laws  of  difiPiision  and  static  equilibrium,  be  felt 
^here  throughout  the  universe. 

precipitation  of  water  at  the  surface  of  a  cooling  globe, 
3  chemical  or  mechanical  fixation  there,  woidd  thus 
3h  the  proportion  of  gaseous  water  throughout  all  space. 
:ygen  liberated  in  the  growth  of  terrestrial  vegetation 
be  shared  with  the  remotest  spheres,  while  the  condensa- 

carbonic  dioxide  at  the  surface  of  our  own  or  any  other 

would  not  only  bring  in  a  supply  of  this  gas  from  the 
►heres  of  other  bodies,  but  by  reducing  the  total  amount 
70uld  diminish,  pro  tanto^  the  barometric  pressure  at  the 
I  of  this  and  of  all  other  worlds. 

hypothesis  here  advanced  is  not  wholly  new.  Sir 
m  R.  Grove,  in  1842,  suggested  that  the  medium  of  light 
jat  may  be  "  a  universally  diffused  matter,"  and  subse- 
7,  in  1843,  in  his  celebrated  Essay  on  the  Correlation  of 
al  Forces,  in  the  chapter  on  Light,  concludes,  with  regard 

atmospheres  of  the  sun  and  planets,  that  there  is  no 
why  these  atmospheres  "  should  not  be,  with  reference 
I  other,  in  a  state  of  equilibrium.  Ether,  which  term  we 
pply  to  the  highly  attenuated  matter  existing  in  the 
anetary  spaces,  being  an  expansion  of  some  or  all  of  these 
►heres,  or  of  the  more  volatile  portions  of  them,  would 
irnish  matter  for  the  transmission  of  the  modes  of  motion 
we  call  light,  heat,  etc.,  and  possibly  minute  portions  of 
mospheres  may^  by  gradual  accretions  and  subtractions^  pass 
)lanet  to  planet^  forming  a  link  of  matei'ial  communication 

the  distant  monads  of  the  universey  Subsequently,  in 
dress  as  President  of  the  British  Association  for  the 
cement  of  Science,  in  1866,  Grove  further  suggested 
is  diffused  matter  might  become  a  source  of  solar  heat, 
ich  as  the  sun   '*  may  condense  gaseous    matter  as   it 

in  space,  and  so  heat  may  be  produced." 
.  bold  speculation  of  a  universally  diffused  matter,  con- 
ig  an  interstellary  medium,  though  thus  repeatedly  in- 
upon  by  Grove,  has  passed  almost  unnoticed.  It  seems 
e  been  unknown  to  Mr.  W.  Mattieu  Williams,  who  in 
ublished  his  very  ingenious  work  entitled  "The  Fuel  of 
m,"*  which  is  based  on  a  similar  conception,  without 
in  support  of  it  the  high  authority  of  Grove.  The  solar 
ccording  to  Williams,  is  maintained  by  the  sun's  con- 
ion  of  the  attenuated  matter  everywhere  encountered  by 
)ody  in  its  motion  through  interstellary  space.  The 
ar  movements  impressed  upon  the  sun  by  the  varying 
ions  of   the  planets,  stirring  up  and  intermingling  the 

ilflo  Williama  on  The  Radiometer  and  its  Lessons,  Quart  Jour.  Science, 
6. 

>I7E.  8oi.— Thibb  Sbbibs,  Vol,  XIX,  No.  118.— Mat,  1880. 
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different  strata  of  the  solar  atmosphere,  and  producing  the 
great  perturbations  therein  of  which  the  telescope  affords 
evidence — are,  in  his  hypothesis,  the  efficient  agents  in  this 
process.  The  diffused  matter  or  ether,  which  is  the  recipient 
of  the  heat-radiations  of  the  universe,  is  thereby  drawn  into  the 
depths  of  the  solar  mass ;  expelling  thence  the  previously  con- 
densed and  thermally-exhaasted  ether,  it  becomes  compressed, 
and  gives  up  its  heat,  to  be,  in  tum^  itself  driven  out  in  a 
rarified  and  cooled  state,  and  to  absorb  a  fresh  supply  of  heat, 
which  he  supposes  to  be  in  this  way  taken  up  oy  the  ether, 
and  again  concentrated  and  redistributed  by  the  suns  of  the 
universe.     (Loc.  cit,  chap,  v.) 

Neither  Grove  nor  Williams  has  considered  the  hypothesis 
of  an  interstellarv  medium  in  its  geological  relations.  Dr.  P. 
Martin  Duncan,  however,  in  his  address  as  President  of  the 
Geological  Society  of  London,  in  May,  1877,  without  noticing 
the  priority  of  Grove,  has  adopted  it  from  Williams,*  but  in- 
stead of  supposing,  with  these,  that  the  atmospheres  of  all 
bodies  are  in  equilibrium,  conceives  the  sun,  in  virtue  of  its 
greater  mass,  to  be  slowly  attracting  to  itself  the  earth's  te^ 
restrial  envelope.  He  thence  proceeds  to  deduce  therefrom 
important  geological  considerations,  maintaining  that  from  the 
greater  height  of  the  terrestrial  atmosphere  which,  according  to 
this  view,  must  have  prevailed  in  former  ages,  there  would 
have  resulted  a  higher  temperature  at  the  earth's  surface,  more 
aqueous  vapor,  and  a  more  equable  climate.  From  a  more 
abundant  precipitation  would  also  follow  greater  sub-aerial  de- 
nudation, while  the  formation  of  ice,  though  it  mi<jht  occur  in 
elevated  regions,  would  be  impossible  at  or  near  the  sea-level. 

The  correctness  of  all  these  deductions  by  Duncan  from  the 
condition  of  a  denser  terrestrial  atmosphere  appears  to  be  indis- 
putable, and,  as  we  shall  endeavor  to  show  in  the  sequel,  they 
are  in  harmony  with  the  geological  record.  But,  while  admit- 
ting that  changes  in  the  earth's  atmosphere  conducing  to  such 
results  have  taken  place,  we  maintain,  in  accordance  with  the 
rinciples  already  laid  down,  that  these  changes  have  not  been 
ue  to  solar  attraction  and  absorption,  but  to  the  chemical  and 
mechanical  processes  going  on  at  the  surface  of  the  earth  and 
other  bodies  in  space,  whereby  the  atmospheric  elements  are 
condensed  in  the  formij  of  liquid  and  solid  water,  or  fixed  as 
hydrates,  oxides,  carbonates  and  hydrocarbonaceous  matters. 

The  changes  which  have  thus  been  produced  in  the  terres- 
trial atmosphere  are,  by  our  hypothesis,  reduced  in  amount  by 
being  shared  with  other  worlds,  and  the  consequences  which 

*  It  is  duo  to  my  friends,  Mr.  Williams  and  Dr.  Duncan,  to  say  that  they  hire 
both,  in  conyersation,  informed  me  that  they  were  ignorant  of  tbe  priority  of  Sir 
William  Grove.  The  conception  appears  to  have  been  original  and  independent 
in  the  mind  of  Mr.  Williams. 
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Ebelmen,  and  others  after  him,  have  deduced  with  regard  to 
the  temperature  of  the  earth's  surface  in  former  geological 

Eeriods,  would  seem,  at  first  sight,  to  be  invalidated.  Tyndall, 
owever,  in  1861,  from  a  consideration  of  the  great  power  of 
absorbing  heat  possessed  alike  by  aqueous  vapor  and  by  cer- 
tain gases,  such  as  carbonic  dioxide,  and  the  consequent  effects 
of  small  quantities  of  these  in  the  atmosphere  on  terrestrial 
radiation,  and  thus  on  climate,  was  led  to  remark,  ^Mt  is  not 
therefore  necessary  to  assume  alterations  in  the  density  and 
height  of  the  atmosphere  to  account  for  diflfel'ent  amounts  of 
heat  being  preserved  to  the  earth  in  different  times ;  a  slight 
change  in  its  variable  constituents  may  have  produced  all 
the  mutations  of  climate  which  the  researches  of  geologists 
reveal/'*  Thus,  although  the  amount  of  carbonic  dioxide 
which,  in  past  geological  ages,  has  been,  by  chemical  processes 
at  the  surface  of  our  own  and  other  worlds,  abstracted  from 
the  universal  medium,  may  not  have  suflBced  to  diminish  bv 
more  than  a  small  fraction  the  barometric  pressure  at  the  earth  s 
surface,  this  change  would  still  meet  all  the  requirements  of 
geological  history,  so  far  as  temperature  and  climate  are  con- 
oernea  From  this  point  of  view,  the  suggestion  of  Tyndall 
assumes  a  weight  and  a  significance  not  hitherto  suspected. 

We  have  thus  briefly  endeavored  to  show  how  the  hypoth- 
esis of  a  universal  atmosphere  serves  to  explain  certain  chem- 
ical and  physical  facts  in  the  history  of  our  globe.  To  discuss 
it  in  all  its  bearings  would  require  a  volume.  The  climatic 
influences  of  a  denser  terrestrial  atmosphere,  or  one  of  greater 
absorptive  power  than  the  present,  have  been  indicated  by 
Ebelmen,  E.  B.  Hunt  and  Duncan,  and,  as  we  have  seen,  the 
gradual  changes  in  the  composition  of  the  atmosphere  imply  a 
slow  progressive  diminution  of  the  mean  annual  temperature 
of  the  earth's  surface.  This  conclusion  is  in  contradiction  with 
the  hypothesis  of  secular  oscillations  of  the  earth's  tempera- 
ture, due  to  astronomical  causes,  and  giving  rise  to  successive 
perioils  characterized  by  general  glaciation,  and  leads  us  to 
interrogate  on  this  point  the  geological  record.  We  may  in- 
quire (J)  whether,  since  the  appearance  of  terrestrial  vegetation, 
the  mean  annual  temperature  of  the  earth  has  ever  been  less, 
and  (2)  whether  it  has  ever  been  greater  than  at  present  It  is 
clear  from  paleontological  evidence  that  a  very  warm  climate  pre- 
vailed over  the  arctic  regions  during  the  Carboniferous,  Triassic, 
Jurassic,  and  Lower  Cretaceous  periods,  and  that  the  refriger- 
ation apparent  in  the  Upper  Cretaceous  gradually  augmented 
up  to  the  Pliocene,  the  cold  of  which  has  continued  till  now, 
subject   to   certain   variations   in    its   distribution   which  are 

•  Tyndall,  Bakerian  lecture  for  1861 :  L.,  B.  &  D.  Phil.  Mag.,  Oct,  1861,  and 
Hunt,  Chem.  and  GeoL  Ks8ayB,  pp.  42  and  46. 
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readily  accounted  for  by  changed  geographical  coDditions. 
Such  changes  of  sea  and  land  are,  however,  inadequate  to  ex- 
plain the  elevated  temperature  which,  according  to  the  observa- 
tions of  Nordenskiola,  prevailed  in  the  Carboniferous  age, 
when  the  arctic  climate  permitted  the  development,  over  a  great 
area  of  land,  of  a  vegetation  not  unlike  the  Carboniferous 
flora  of  the  inter-tropical  regions.  It  is  not  easy  to  conceive 
that,  with  an  atmosphere  like  that  of  the  present  time,  any 
geographical  conditions  could  maintain  during  the  long  polar 
winter  the  mild  climate  required  for  such  a  vegetation,  even  in 
insular  regions,  and  still  less  over  a  continental  area  within  the 
polar  circle. 

We  are  thus  led  to  the  conclusion  that  geographical  changes, 
though  adequate  to  explain  the  greasier  refrigeration  of  certain 
areas  since  tne  beginning  of  Pliocene  time,  are  not  sufficient  to 
account  for  the  warmer  climates  of  previous  ages,  and  to  find 
the  explanation  of  these  in  the'diflFerent  relations  of  the  earlier 
atmosphere  alike  to  solar  and  to  terrestrial  heat. 

It  is,  however,  obvious  that,  with  such  an  atmosphere  as  we 
have  supposed,  the  more  elevated  portions  of  the  earth's  sur- 
face might,  as  is  now  the  case  in  inter-tropical  lands,  be  lifted 
into  regions  where  glaciation  was  possible,  while  a  warm 
climate  prevailed  everywhere  at  the  sea-level.  Neither  the 
glacial  periods  of  more  recent  times,  nor  those  of  remoter 
geological  ages,  of  which  evidence  is  not  wanting,  necessarily 
depend  upon  any  diminution  in  the  earth's  mean  annual  tem- 
perature at  the  sea-level.  Glacial  periods  are,  in  this  view, 
as  has  been  well  said  by  J.  F.  Campbell,  not  celestial,  but 
local  and  terrestrial,*  while,  on  the  contrary,  the  warmer  polar 
climates  of  Paleozoic  and  Mesozoic  times  are  to  be  regarded 
as  evidence  of  a  generally  elevated  temperature  at  the  earth's 
surface  depending  on  atmospheric  conditions,  as  already  set 
forth. 

In  a  note  in  the  Comptes  Rend  us  of  the  French  Academy  of 
Sciences,  for  Oct.  7,  1878,  criticising  my  previous  one  of  &pt. 
23  "Sur  le«  relations  g6ologiques  de  I'atmosphere,"  already 
referred  to  at  the  beginning  of  this  paper,  Mr.  Stanislas  Meu- 
nier  has  argued  in  favor  of  the  terrestrial  origin  of  the  atmos- 
pheric carbonic  dioxide,  the  source  of  which  he  supposes  to  be  a 
subterranean  oxidation  of  a  primitive  store  of  carbon,  a  view 
which  seems  unsupported  by  any  facts  or  analogies  in  nature. 
He  opposes  to  the  hypothesis  which  I  have  advocated,  the  fact 
of  the  absence  of  an  atmosphere  from  the  moon,  while  he 
asserts  the  existence  of  an  abundant  one  around  both  Mercury 
and  Venus.  The  evidences  of  such  an  atmosphere  around 
the  latter  planet  are  well  known,  but  the  observations  of  recent 

♦  Campbell  on  Glacial  Periods;  Quart.  Jour.  Gteol.  Soc.,  187S»,  vol.  xxxv,  p.  98. 
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astronomers  leave  it  doubtful,  on  the  contrary,  whether  Mer-. 
curj  possesses  a  perceptible  one,  while,  as  regards  our  satel- 
lite, the  conclusion,  as  stated  by  Newcomb,  is  that  the  lunar 
atmosphere,  if  it  exist,  is  not  equal  to  more  than  one  four- 
hundredth  that  of  the  earth. 

A  little  reflection  will,  however,  show  that  the  absence  of 
anv  apparent  atmosphere  from  the  moon  in  no  way  militates 
against  our  hypothesis,  since  a  completely  refrigerated  globe, 
such  as  our  satellite  must  probably  be,  would  long  since 
have  absorbed  mechanically  into  its  interstices,  its  share  of 
the  universal  gaseous  medium.  It  was  many  years  since  pointed 
oat  by  Saemann*  that,  as  a  consequence  of  the  progressive 
refrigeration  of  our  planet,  the  ocean  and  the  air  which  surround 
it  must  one  day  disappear  from  its  surface.  The  total  vol- 
ume of  our  atmosphere,  at  the  density  which  it  has  at  the 
sea-level,  is,  according  to  his  calculation,  less  than  four  thou- 
sandths of  that  of  the  earth,  the  volume  of  the  ocean  being 
very  much  less.  There  is  no  known  mass  of  cooled  rock 
which  has  not  a  greater  porosity  than  is  represented  by  these 
figures,  so  that  the  conclusion  seems  inevitable  that,  with  the 
complete  refrigeration  of  the  earth  which  must  come  in  the 
coarse  of  ages,  its  atmosphere,  following  the  ocean,  will  have 
so  completely  sunk  into  the  pores  of  the  cooled  mass  that 
its  tension  at  the  surface  would  be  very  small.  Such  a  con- 
dition of  things,  Ssemann  supposes  to  have  been  already  at- 
tained in  our  satellite,  a  view  which  may  be,  with  equal 
probability,  extended  to  Mercury. 

The  hypothesis  that  interstellary  space  is  filled  with  an 
attenuated  matter  which,  in  a  more  condensed  form,  constitutes 
the  atmosphere  and  the  waters  of  our  own  and  other  worlds, 
which  we  have  already  discussed  in  some  of  its  chemical  and 
geological  bearings,  assumes  a  new  interest  in  connection  with 
recent  speculations  as  to  evolution  in  the  stellar  universe.  In 
considering  the  increasing  chemical  complexity  revealed  by 
the  spectroscope  in  passing  from  nebulae  to  white,  yellow  and 
red  stars,  Prof.  F.  W.  Clarke,  of  Cincinnati,  was  led  in  1873t 
to  suggest  the  possibility  of  a  generation  of  the  higher  from 
simpler  forms  of  matter  by  a  process  of  cosmical  chemistry. 
A  similar  view  was  a  few  months  later  advanced  by  Mr. 
Lockyer,  who  reiterated  and  enforced  these  suggestions,  show- 
ing that  the  chemical  elements  make  their  appearance  in  the 
cooling  stars  in  the  order  of  their  vapor-densities — and  more- 
over connected  these  considerations  with  the  conjectures  of 
Dumas  as  to  the  probably  compound  nature  of  the  so-called 

*  Snr  runit6  des  ph^nomdnes  g^logiques  dans  le  systdme  plan^taire  du 
■olefl,  Bull  Soc.  6M  de  Fr.,  1860-61,  vol.  xyiii,  p.  322,  translated  by  the  pres- 
«Dt  writer  for  this  ./oumal,  U,  xxxiii,  p.  36. 

f  Popular  Science  Monthly,  Jan.,  1873,  yoL  ii,  p.  32. 
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elements.*  Mr.  Loekyer  has  since  extended  this  inquiry  by 
his  ingenious  and  beautiful  spectroscopic  studies,  the  results  of 
which  are  embodied  in  his  "  Discussion  of  the  Working  Hy- 
pothesis that  the  so-called  Elements  are  Compound  Bodies," 
communicated  to  the  Royal  Society,  Dec.  12,  1878.+  In  his 
first  note,  of  1873  (which  is  embodied  in  the  later  paper)  he 
suggested  that  we  see  in  the  stars  evidences  of  a  celestial  disso- 
ciation under  the  influence  of  intense  heat,  which,  continuing 
the  work  of  our  furnaces,  would  break  up  the  metalloids,  and 
leave  only  the  metallic  elements  of  low  equivalent  weight 
which  are  found  in  the  hottest  stars.  In  his  later  memoir  he 
further  suggests  that  as  there  may  be  no  superior  limit  to  tem- 
perature, so  of  dissociation  there  may  be  no  end. 

With  these  may  be  compared  the  views  enunciated  by  the 
present  writer  in  a  lecture  before  the  Royal  Institution,  May 
81,  1867,  wherein,  discussing  the  problems  of  stellar  chem- 
istry, he  declared  that  the  "  dissociation  of  elements  by  intense 
heat  is  a  principle  of  universal  application,'*  and  with  r^rd 
to  the  chemical  elements,  that  their  "further  dissociation  in 
stellar  or  nebulous  masses  may  give  us  evidence  of  matter  still 
more  elemental  than  that  revealed  by  the  experiments  of  the 
laboratory,  where  we  can  only  conjecture  the  compound  nature 
of  many  of  the  so-called  elementary  substances.  ':J:  In  1874, 
while  discussing  the  speculations  of  Dumas,  Clarke  and  Loek- 
yer, he  further  suggested  that  the  green  line  in  the  spectrum 
of  the  solar  corona,  which  had  been  supposed  to  indicate  a 
hitherto  unknown  element,  may  be  a  "  more  elemental  form 
of  matter,  which,  though  not  seen  in  the  nebula,  is  liberated 
by  the  intense  heat  of  the  solar  sphere,  and  may  possibly  cor- 
respond to  the  j^rimary  matter  conjectured  by  Dumas,  having 
an  equivalent  weight  one-fourth  that  of  hydrogen. '*§  Regard- 
ing this  supposed  element  in  the  solar  atmosphere,  Prot  C.  A. 
Young  remarks  that  it  must  be  of  excessive  tenuity,  **  a  near 
relative,  so  far  as  gravity  is  concerned,  to  the  luminiferous 
ether,  and  to  the  tirsioff  of  the  German  speculators."  j  In 
this  connection  it  should  be  mentioned  that  Hinrichs,  in  1866, 
put  forth  an   argument^  in  favor  of  the  existence  of  such  a 

f)rimitive  matter  or  Urstoff  from  a  consideration  of  the  wave- 
engths  in  the  spectra  of  the  various  elements.** 

♦  Comptes  Rcndu8,  Nov.  3,  1873. 

f  This  Journal,  III,  xvii,  93-116;  and  farther,  Clarke,  Science  News,  Feb.  15, 
1879,  page  114. 

t  Kepriated  from  Proc.  Royal  Institution  in  Chem.  and  GeoL  Essays,  p.  37. 

§  A  Century's  Progress  in  Theoretical  Chemistry,  by  T.  S.  Hunt,  being  an  ad- 
dross  delivered  on  the  Centennial  of  Chemistry,  at  Northumberland,  Penn.,  July 
31,  1874;  Amer.  Chemist^  vol.  v,  pp.  4G-51,  and  Pop.  Science  Monthly,  \'ii,  420. 

I  This  Journal,  II,  xlii,  350-:i68.  If  This  Journal,  III,  i,  319. 

*♦  Since  these  pages  were  in  type  my  attention  has  been  called  to  a  paper  read 
before  the  Literary  and  Historical  Society  of  Quebec  in  January,  1870,  by  James 
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Lavoisier  long  since  suggested  that  hydrogen,  nitrogen  and 
oxygen  are,  witn  heat  and  light,  the  simpler  forms  of  matter 
Erom  which  all  others  are  derived,  and  when  it  is  considered 
that  the  first  two  of  these  are  the  only  elements  of  which  we 
have  yet  any  certain  evidence  in  the  nebulae,  it  will  be  seen 
that  the  speculation  of  Lavoisier  is  really  an  anticipation  of  that 
view  to  wnich  spectroscopic  study  has  lea  the  chemists  of  to-day. 
The  three  elements  named  by  him  are  those  which,  in  the  forms 
of  air  and  watery  vapor,  make  up  nine  hundred  and  ninety-nine 
thousandths  of  the  atmosphere  which,  in  accordance  with  our 
hypothesis,  constitutes  the  interstellary  medium.  It  was  in 
view  of  all  these  considerations  that  the  writer  in  1874  ven- 
tured to  say  that  "  the  nebulae  and  their  resultant  worlds  may 
be  evolved  by  a  process  of  chemical  condensation  from  this 
universal  atmosphere ;  to  which  they  would  sustain  a  relation 
somewhat  analogous  to  that  of  clouds  and  rain  to  the  aqueous 
vapor  around  us."*  Such  a  speculation,  which  seeks  for  a 
source  of  the  nebulous  matter  itself,  is  perhaps  a  legitimate 
extension  of  the  nebular  hypothesis. 

Montreal,  Feb.  14,  1880. 


Aht.  XLIV. —  Oil  the  Archcean  Rocks oftheWahsatch Mountains; 
by  Archibald  Geikie,  F.RS.,  Director  of  the  Geoloffical 
Survey  of  Scotland,  and  Murchison  Professor  of  Geology 
in  the  University  of  Edinburgh. 

The  complete  physical  break  between  the  crystalline  schists 
and  the  overlying  sedimentary  groups  in  the  Rocky  Mountains 
and  other  ranges  of  the  west  has  been  clearly  described  by 
Gilbert,  King,  Hayden,  Emmons  and  other  writers.  It  is  quite 
possible,  however,  that  in  these  regions  there  may  have  been 
SnbBequent  protrusions  of  granite  and  accompanying  metamor- 
phism  ;  so  that  we  ought  not  to  decide  that  a  mass  is  necessa- 
rily Archaean  merely  because  it  consists  of  schists  and  granites. 
Tet  I  am  not  sure  that  this  assumption  has  not  to  a  certain 

Doaglas,  Jr.,  then  President  of  the  Society,  and  one  of  the  Canadian  Expedition 
to  obeeTTe  the  total  solar  eclipse  of  Au^st  7,  1869.  Therein,  while  discussing 
the  spectroscopic  observations  made  during  the  eclipse,  he  refers  to  those  of  Pro- 
fessor Young,  who  had  suggested  a  comparison  between  certain  lines  in  the  spec- 
trum of  the  solar  corona,  and  those  observed  by  Winlock  in  that  of  the  aurora 
borealis.  With  regard  to  these  lines,  Mr.  Douglas  then  adds.  "  May  they  not 
therefore  belong  to  some  unknown  element; — ^a  gas,  lighter  than  hydrogen,  which, 
like  the  hypothetical  ether,  fills  space  ?"  To  this  he  adds  the  suggestion  that  elec- 
tricity boUi  **  in  the  auroral  light  of  our  own  heavens,  and  the  corona  of  the  sun 
may  render  this  hypothetical  gas  luminous."  Drana.  Lit.  and  Hist.  Soc.  of  QuebeCy 
New  Series,  part  7,  p.  82. 

•  A  Century's  Progress,  etc,  cited  above;  also  Chem.  and  GeoL  Essays,  pre- 
face to  2d  Ed.,  p.  xiz. 
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extent  inflaenoed  tbe  obsennUionB  of  some  of  the  able  geologHAi 
to  wbom  we  owe  our  acqpaintaDoe  with  these  weetem  langaa 
In  a  reoent  yisit  to  the  Wahaatch  Moantaina  I  waa  alnmy 
inclined  to  doubt  the  coirectneflB  of  the  interpretatioii  of  » 
central  and  so-called  Archsaan  portion  of  the  chain  gifea.ia 
the  Beports  of  the  Gkoloffical  Exploration  of  the  40th  PtodleL 
And  I  am  disposed  to  offer  the  results  of  my  yiait  fixr  the  eoa- 
sideration  of  those  who  are  much  more  familiar  than  m^Nlf 
with  the  geolo^  of  that  part  of  the  United  Statea 

Let  me  b^n  by  expressing  my  unqualifled  admiration  of 
the  geological  prowess  shown  by  Mr.  Clarence  King  and  hii 
associates,  Messrs.  Hague  and  Emmons,  in  thdr  great  aanrer. 
Having  traveled  over  many  hundreds  of  miles  with  ihdr  woni 
in  my  hands  I  can  bear  testimony  to  their  remarkably  oletf 
and  accurate  delineation  of  the  broad  geological  features  of  the 
countrv.  It  is  perhaps  somewhat  presumptuous  in  one  wbo 
has  only  made  a  single  journey  through  the  region  to  offer  aor 
criticism  of  work  which  occupied  years. of  continuous  toil 
Yet  I  am  sure  these  writers,  with  the  feeling  of  true  acientifie 
brotherhood,  will  themselves  be  the  most  desirous  to  give  me  a 
hearinff,  and  will  not  require  any  assurance  that  my  remaifa 
are  calied  forth  by  no  spirit  of  fault-finding. 

According  to  the  Beports  of  the  Exploration  of  the40di 
Parallel,  the  Wahsatoh  Mountains  consist  of  a  central  core  of 
Archaean  rocks,  composed  partly  of  granites  and  partly  of  vari- 
ous quartzite,  schists,  and  other  crystalline  massea  These  rocks 
are  represented  as  having  formed  an  island  in  the  Paleozoic 
sea;  and  Mr.  King  asserts  that  the  island  must  have  presented 
to  the  west  an  almost  precipitous  face  of  80,000  feet,  or  upwards 
of  5J^  miles — an  altitude  exceeding  that  of  any  modern  moan- 
tain  chain. ''^  Bound  this  lofty  Archaean  island  the  whole  of  the 
Paleozoic  and  Mesozoic  sediments  are  said  to  have  been  depos- 
ited to  a  depth  of  from  80,000  to  40.000  feet,  in  one  continuous 
uninterrupted  series.  Subsequent  terrestrial  movements,  acting 
along  the  line  of  the  original  island,  have  upraised  the  surround- 
ing sedimentary  masses,  and  the  ancient  crystalline  rocks  have 
once  more  been  revealed  by  denudation. 

Now  the  fact  of  the  existence  of  a  cliff  more  than  5^  miles 
high  would  require  to  be  established  by  very  carefully  collected 
and  convincing  evidence.  It  was  with  very  considerable  curi- 
osity therefore  that  I  paid  a  visit  to  the  Cottonwood  district^ 
where  the  evidence  was  said  to  be  most  complete.  I  must 
frankly  own  that  I  failed  to  observe  any  grounds  on  which  the 
assertion  appeared  to  me  to  be  warranted.  One  would  natu- 
rally expect  that  if  a  mass  of  strata  30,000  feet  thick  had  been 
laid  down  against  a  steep  slope  of  land,  its  component  beds 

*  Q«oL  Exploration  of  40th  Parallel,  vol  i,  p.  124. 
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agbt  to  be  full  of  fragments  of  that  land.  Each  marginal  belt, 
^presenting  an  old  shore-line,  should  be  more  or  less  conglom- 
"atic  ;  at  least,  there  ought  to  be  occasional  zones  of  conglom- 
"ate,  just  as  at  the  present  day,  we  have  local  gravel  beaches 
a  our  shores.    But  I  could  find  no  trace  of  pebbles.    It  would 

I  course  be  presumptuous  in  me  to  assert  that  they  do  not 
cist ;  but  they  are  not  mentioned  by  Mr.  King,  nor  by  Messrs. 
[ague  and  Emmons,  and  yet,  as  their  evidence  would  be  so 
aportant,  we  can  hardly  suppose  that  these  writers  observed 
lem  and  made  no  reference  to  the  fact. 

But  not  only  have  no  pebbles  of  the  Cottonwood  granite 
een  recorded  as  occurring  in  the  overlying  Paleozoic  rocks,  it 

admitted  that  these  rocks  become  metamorphosed  as  they 
pproach  the  granite.  The  natural  inference  to  be  drawn  from 
lese  facts,  one  might  suppose,  would  be  that  the  granite  is 
iter  in  date  than  the  rocks  overlying  it.  Mr.  King  admits 
lat  the  granite  had  been  undoubtedlv  the  center  of  local  met- 
cnorphism,  but  this  change  he  regards  as  "strictly  mechanical 
ud  not  to  be  mistaken  for  the  caustic  phenomena  of  a  chemi- 
illy  energetic  intrusion."  (p.  46).  How  he  would  discriminate 
etween  a  mechanical  and  cnemical  cause  producing  precisely 
16  same  ultimate  effect  he  does  not  explain.  Had  he  not  been 
rmly  convinced  that  all  the  granite  must  be  Archaean  he 
ould  hardly,  I  venture  to  think,  have  penned  that  sentence. 
'wo  pages  farther  on  he  admits  that  round  the  granite  mass 
16  Carboniferous  limestones  have  been  invaded  by  igneous 
ikes,  and  these  rocks  (named  granite-porphyry  by  Zirkel),  he 
sserts  to  be  **  middle-age  porphyries,  not  to  be  confounded 
ith  the  Archaean  crystalline  rocks."  (p.  49).  But  why  should 
ley  be  **  middle  age,"  or  rather  on  what  grounds  are  we  to 
3parate  them  from  the  neighboring  granite?  Not  a  single 
sason  is  given  save  the  obvious  one  that  when  a  geologist  has 
lade  up  his  mind  that  a  granite  is  Archaean  he  cannot  of 
3ur8e  admit  that  it  sends  out  ramifications  into  overlying  Pale- 
zoic  rocks.  Yet  the  natural  tendency  of  any  unbiased  ob- 
3rver  must,  I  should  think,  be  to  connect  these  surrounding 
ikes  with  the  main  granite  mass  inside.  Curiously  enough, 
[r.  King  himself,  in  another  passage,  admits  that  they  are  "in 

II  probability  a  dependence  of  the  granite."  (p.  46).  But 
iirely  the  occurrence  of  intrusive  dikes  twenty  feet  broad 
enetrating  limestones  that  have  been  converted  into  marbles 
\  something  more  than  a  "strictly  mechanical  "  phenomenon, 
►ne  argument  given  by  Mr.  King  for  the  antiquity  of  the 
ranite  is  that  it  does  not  send  out  dikes  into  the  overlying 
xjks.  (p.  48).  But,  as  he  himself  is  no  doubt  well  aware,  the 
eins  or  dikes  which  penetrate  the  rocks  around  a  granite  boss 
re  not  always  themselves  granite.  They  very  commonly  take 
16  form  of  nis  "granite-porphyry." 
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I  submit  therefore,  that  the  facts  taken  by  themselves  and 
without  reference  to  any  preconceived  opimon  or  theory,  are 
these :  1st  A  large  mass  of  granite*  on  tne  Wahsatch  Moun- 
tains ascends  with  an  oblique  or  transgressive  boundary  line 
from  certain  schists  and  q^uartzites  across  the  Paleozoic  series 
up  into  the  Upper  Carboniferous  horizons.  2d.  The  rocks  as 
they  approach  the  granite  manifest  increasing  metamorphism ; 
the  limestones  pass  into  white  granular  marble,  and  other  rocks 
have  assumed  the  character  of  schist  8d.  Among  the  Car- 
boniferous limestones  and  other  rocks  around  the  main  mass  of 
granite,  there  occur,  in  different  places,  dikes  or  veins  of  granite- 
porphyry,  like  those  usually  met  with  in  a  similar  position. 
The  conclusion  which  I  would  draw  from  these  facts  is  that 
the  granite  is  intrusive,  and  is  later  in  date  than  the  Upper 
Carboniferous  rocks  which  have  been  metamorphosed  in  con- 
tact with  it  Mr.  King  speaks  of  there  being  possibly  two 
granites,  one  metamorphic  and  one  intrusive,  but  both  of 
Archaean  date.  I  could  observe  no  reason  for  making  any 
subdivision  in  the  granite  mass.  The  somewhat  foliated 
arrangement  in  certain  portions  of  the  granite  is  not  uncommon 
toward  the  periphery  and  even  within  the  central  portions  of 
intrusive  bosses. 

The  section  across  the  Wahsatch  range,  placed  below  map 
No.  m  (east  half)  of  the  Geological  Exploration  of  the  40tn 
Parallel,  seems  to  me  to  bear  the  strongest  evidence  against 
Mr.  King's  own  reading  of  the  structure  of  the  mountains.  If 
the  granite  there  shown  as  underlying  the  highly  tilted  Pale- 
ozoic rocks  be  rjegarded  as  anterior  in  date  to  these  rocks,  as, 
in  fact,  the  land  surface  against  which  they  were  laid  down, 
the  section,  I  submit,  involves  a  series  of  physical  impossibili- 
ties, or  at  least  of  such  glaring  improbabilities  as  to  demand 
full  and  incontrovertible  proof  in  its  support  For,  in  the  first 
place,  it  requires  us  to  believe  that  the  cliff  against  which  the 
I^aleozoic  sediments  were  deposited,  must  have  been  at  least 
twelve  lyiiks  high  !  that  being  the  horizontal  length  of  the  plat- 
form of  granite  into  which  the  rocks  dip.  In  the  next  place  it 
necessitates  the  admission  that  this  stupendous  precipice  was 
subsequently  turned  over  on  its  back,  carrying  with  it  the  adhe^ 
ing  later  rocks.  In  the  third  place,  it  demands  an  amount  of 
denudation  to  which  there  would  be  no  parallel  anywhere  in 
the  region,  for  the  highly  tilted  strata  must  then  have  been 
worn  down  till  nothing  but  a  cake  of  them  was  left  upon  the 
granite.  If,  however,  this  granite  be  younger  than  the  overly- 
ing rocks,  the  section  expresses  suflBciently  well  the  structure 
of  the  ground.     That  the  latter  is  the  natural  interpretation  of 

*  There  can  bo  little  doubt  that  though  partiaUy  interrupted  at  the  surfAce'  bj 
oyerljing  formationB  it  is  really  aU  one  (pranite  mass. 
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the  section  will,  I  feel  sure,  he  admitted  by  any  impartial  geol- 
ogist in  whose  hands  the  map  is  placed. 

I  venture  to  put  forwara  these  views  with  diflSdence,  and 
because  it  appears  to  me  to  be  a  matter  of  great  importance 
not  merely  in  regard  to  the  geological  structure  of  the  West, 
but  to  questions  in  dynamical  and  physiographical  geology, 
that  the  true  structure  of  the  Archaean  nucleus  of  the  Wahsatch 
Mountains  should  be  correctly  interpreted.  Mr.  King,  in  his 
sreat  memoir,  has  treated  that  area  as  a  kind  of  type,  and  has 
oased  upon  it  much  of  his  speculation  regarding  the  form  of 
the  Archaean  land,  and  the  nature  and  effects  of  subsequent 
fractures  of  the  rocky  crust  I  confess  that  it  was  with  con- 
siderable incredulity  that  I  read  in  his  interesting  chapters 
reiterated  assertions  that  the  Archaean  land  was  so  stupend- 
ously mountainous,  that  some  of  its  peaks  rose  more  than 
51  miles  into  the  air,  and  remained  above  water  during  the 
whole  of  Paleozoic  and  Mesozoic  time.  I  asked  myself  how 
much  loftier  and  broader  these  mountains  must  really  have 
been  at  first  to  have  been  able  to  outlast  such  a  vast  period  of 
denudation.  For  the  dimensions  assigned  by  Mr.  Kmg  must 
on  his  own  showing  be  a  minimum,  reckoned  after  all  these 
ages  of  ceaseless  waste.  But  if  I  am  correct  in  regarding  the 
Wahsatch  granite  as  of  post  Carboniferous  date,  then  we  are 
relieved  from  the  uncomfortable  incubus  of  these  primeval 
mountains.  We  are  not  required  to  believe  in  the  existence  of 
a  cliffs^  miles  high,  which  maintained  its  position  and  steep- 
ness during  the  greater  part  of  all  geological  time.  And  we 
are  spared  the  necessity  of  a  colossal  fracture  of  80,000  feet  on 
the  west  side  of  the  Wahsatch  Mountains.  The  view  which  I 
am  inclined  to  adopt  regarding  the  structure  of  this  range 
differs  from  that  proposed  by  Mr.  King ;  and  perhaps  I  may 
be  permitted  to  communicate  it  on  another  occasion  in  the 
pages  of  this  Journal. 


Art.  XLV. — Analyses  of  some  Apatites  containing  Manganese; 
by  Samuel  L.  Penfield.  (Contributions  from  the  Sheffield 
Laboratory  of  Yale  College,  No.  LIX.) 

In  their  description  of  the  mineral  locality  at  Branchville, 
Conn,  (this  Journal,  July,  1878),  Messrs.  Brush  and  Dana 
mention  the  occurrence  of  a  green  manganiferous  apatite 
accompanying  the  other  manganese  minerals.  Apatite  occurs 
there  of  many  shades  of  color,  from  those  which  are  white  and 
transparent  to  those  which  are  dark  green,  and  still  others  of  a 
bluish  shade.     The  green  varieties  occur  in  flat  crystalline 
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imbedded  in  feldspar;  occasionally  ihe  form  of  tta 

ibort  prism  is  distinci;  The  white  variety  is  usually  in  crys- 
tals; these  crystals  are  short  prisms  combined  with  the  pjn- 
midal  and  rough  pinaooid  planes.  The  prismatic  planes  We 
A  fibrous  appearance,  although  they  are  polished  and  very 
smooth,  and  the  pinacoids  are  found  on  close  inspection  to 
j^ve  numerous  renections  from  their  surl^cei<,  when  looked  U 
obliquely  and  turned,  showing  that  the  crystals  are  made  Dp  of 
bundles  of  minute  hexagonal  prisms  of  the  same  length,  each 
with  a  small  pyrBmidal  termination.  There  have  idso  been 
found  there  a  few  transparent  and  very  highly  modified  crys- 
tals. All  the  varieties  examined  contain  manganese,  as  the 
following  analyses  will  show. 

I  was  led  by  the  discovery  of  manganese  in  the  apatite 
from  Branchville,  to  examine  ihe  same  mineral  occurring  at 
Franklin  Furnace,  New  Jersey  ;  manganese  was  also  found  to 
be  present  in  it.  This  apatite  occurs  in  crystals  of  a  light 
appie-green  color  imbedded  in  calcite,  from  wbicb  they  ara 
readily  separated. 

The  material  employed  in  the  four  analyses,  given  below, 
was  as  follows : — Analysts  1  was  made  of  a  dark  green  variety 
from  Branchville,  the  darkest  that  was  found.  It  has  a  vitreoos 
laster,  appearing  black  by  reflected  light,  but  a  beautiful  dark 
green  by  transmitted  light  Only  clear  transparent  fragments 
were  accepted. 

Analysis  2  was  made  in  the  Sheffield  Laboratory  bT  Mr, 
Frederick  P.  Dewey,  of  a  green  variety  from  Branc&rille, 
lighter  in  color  than  the  one  just  descrilied.  Analysis  8  was 
of  the  white  crystallized  variety  from  Branchville,  Great 
care  was  taken  to  select  only  the  crystals  which  have  beea 
described  before  as  having  the  rough  pinacoid  planes.  Analy- 
sis 4  was  made  of  the  crystallized  variety  from  Franklin  For- 
nace,  N.  J.  The  whole  amount  employed  was  taken  from  oae 
large  crystal.  It  readily  sepaisted  irom  the  calcite  in  which  it 
was  imbedded,  and  although  the  analysis  shows  the  presence 
of  carbonic  acid,  it  was  from  no  external  admixture  of  calcite^ 

yb.  1.  Speo^  gravity,  3-39, 
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No.  2, 

,  by  Mr.  F.  P.  Dewey. 
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le  above  ratios  coincide  very  nearly  with  that  required  by 
e  accepted  formula  of  the  species,  viz:  1:3:  0*88  :  0*67. 
These  analyses  are  the  first  that  show  the  presence  of  notable 
antities  of  manganese  replacing  calcium  in  apatites.  It  is 
K)  to  be  noted  that  these  apatites  are  essentially  fluor-apatites 
ntaining  only  a  trace  of  chlorine. 

In  closing,  I  wish  to  express  my  thanks  to  Professor  George 
Brush,  who  has  kindly  provided  me  with  the  material  for 
rrying  on  this  investigation,  and  to  Mr.  Frederick  P.  Dewey, 
lose  analysis  I  have  quoted. 


870  W.  B.  Bidden— Msteorilejixm  (^dxme  Ox,  Alabama. 


Akt.  XLTI. — An  account  of  the  finding  of  a  new  MeteoriUi 
Cieberm  County,  Alabama ;  by  W.  E.  Hidden. 

When  id  eastern  Alabama,  during  last  autumo,  canTing 
forward  some  mineralogical  investigations  in  the  interest  oi 
Mr.  Thomas  A.  Edison,  I  learned  from  Ex-Goveraor  W.  H. 
Smith  of  Wedowee,  of  the  existence  of  a  supposed  mass  o( 
native  iron,  which  he  believed  might  perhaps  oe  a  meteorite. 
The  account  which  he  gave  me  of  it,  in  his  own  words,  is  u 
follows:  "Sometime  in  1873,  while  the  Bev.  John  F.  WatsM 
was  plowing  on  a  newly  cleared  piece  of  land,  near  Chnlsfin- 
nee,  m  Clebeme  county,  Ala.,  he  turned  up  a  heavy  massof 
metal.  He  supposed  it  to  be  a  rich  specimen  of  bog  iron  on, 
which  exists  in  considerable  quantity  in  the  vicinity,  and  took 
the  mass  homa  Some  days  later  he  carried  it  to  the  village 
blacksmith  to  have  it  tested.     After  heating  one  corner  in  Uii 
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forge,  a  piece  of  about  3^  lbs.  was  cut  off  and  wrought  into 
horseshoe  nails  and  a  point  for  a  plow.  The  fact  of  its  mallea- 
'bility  tciideti  to  set  at  rest  the  various  local  theories  about  the 
origin  of  the  mas.s,  and  it  was  there  agreed  to  be  a  specimen  of 
native  iron.  The  laasA  was  then  deposited  in  the  ofBce  of  the 
Noble's  Brothers'  Iron  Works  at  Anniston,  Alabama,  and  re- 
mains there  now  unsuspected  of  being  a  meteorite,  and  will  in 
all  probaliilitv  got  into  the  furnace  sooner  or  later." 

Through  the  kinilrie.is  of  Governor  Smitli,  the  specimen  w«s 
secured  and  forwarded  to  me.     On  January  21st,  1880,  it  was 
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ceived  at  Menlo  Park,  N.  J.,  and  was  at  once  recognized  as  an 
>n  meteorite.  A  letter  from  Mr.  Watson  informs  me,  further, 
at  the  mass  was  originally  thickly  encrusted  with  scales  of 
St  of  a  red-brown  color,  and  which  fell  off  while  being  heated 

the  forge. 

It  now  weighs  32J  lbs.  (  =  14*75  kg.),  is  somewhat  triangu- 

r  in  shape  (see  cut) ;  its  three  diameters  being  about  25^ ; 

I  average  thickness  6^. 

An  analysis  by  J.  B.  Mackintosh,  E.  M.,  shows  it  to  be  of 

e  usual  iron-nickel  alloy  variety,  with  small  percentages  of 

•pper,  phosphorus  and  carbon.*     The  Widmannstattian  fig- 

•es  are  well  developed  on  this  iron.     They  are  shown  in  figure 

which  is  of  exact  natural  size.  This  meteorite  is  one  of 
ree  discovered  by  the  writer  in  the  Southern  States  last 
tar.     Descriptions  of  the  others  will  be  given  later. 

January  29th,  1880. 


RT.  XLVIT. —  On  the  recent  formation  of  Quartz  and  on  Sili- 
cification  in  California;  by  T.  Sterry  Hunt. 

At  the  meeting  of  the  American  Institute  of  Mining  Engi- 
lers  in  New  York,  Feb.  19, 1880,  Professor  George  W.  Mayn- 
9  exhibited  a  remarkable  specimen  lately  obtained  by  him 
Im  the  mines  of  the  Gold  Run  Hydraulic  Co.  at  Dutch  Flat 
^Oalifomia.  It  consisted  of  a  mass  of  milky  vitreous  quartz, 
%hich  a  recent  fracture  had  disclosed  an  imbedded  fragment, 
K>Qt  half  an  inch  in  diameter,  of  the  characteristic  so-called 
m gravel  ot  the  region,  holding  in  its  paste  a  worn  and  rounded 
oee  of  gold  of  several  grains,  weight.  Portions  of  a  similar 
be  gravel  adhered  closely  to  certain  parts  of  the  mass  of 
imrtz.  Remarks  were  made  on  this  specimen  by  Professors 
Diinan  and  Egleston,  and  by  Dr.  T.  Sterrv  Hunt,  all  of  whom, 
ker  examination  of  it,  were  satisfied  of  the  correctness  of  the 
rinion  expressed  by  Professor  Maynard,  that  the  quartz  had 
ade  part  of  a  vein  formed  in  the  auriferous  gravel  subsequent 
'  the  solidification  of  the  latter. 

*  The  analysis  is  now  being  made  in  duplicate,  and  when  completed  will  be 
blished  in  this  Journal.  w.  B.  H. 

f  This  communication,  which  for  want  of  space  was  excluded  from  the  April 
mber,  had  been  printed  and  revised  before  the  writer  had  seen  Professor  Joseph 
€onte's  paper  on  The  Old  River  Beds  of  California,  in  the  March  number  of  this 
umal,  where  (on  pages  179-181),  he  has  so  well  described  the  auriferous  gravels 
re  referred  to,  and  pointed  out  the  true  relations  between  the  blue  gravel  and  the 
per  and  altered  portions  of  the  deposit.  As  regards  the  process  of  silicification, 
is  not,  I  think,  necessary  to  suppose  the  infiltration  of  alkaline  waters  from  the 
erlying  volcanic  rock,  to  explain  the  solution  of  silica.  As  elsewhere  pointed 
t  by  the  writer  (page  350  of  the  present  volume),  the  removal  of  the  silica  in  a 
lubie  form  from  the  silictites  which  make  up  a  large  part  of  the  gravel  itself, 
es  not  require  the  intervention  of  alkalies.  T.  &  H. 
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The  photo^phs  were  examiDed  and  the  lines  measured  by 
means  of  a  micrometer  attached  to  a  microscope  of  low  power. 
These  measures  were  reduced  to  wave-lengths  by  the  help  of 
solar  and  terrestrial  spectra,  use  being  made  of  M.  Comu's  map 
of  the  ultra-violet  part  of  the  spectrum,  and  of  M.  Mascarts 
determination  of  the  wave-lengths  of  the  lines  of  cadmium. 

Photographs  have  been  obtained  of  the  stars  Sirius,  Yega, 
a  Cjgni,  a  Yiiginis,  ig  Ursaa  Majoris,  a  Aquilse,  Arcturos, 
fi  P^^i,  Betelgeux,  Capella,  a  Herculis,  Bigel,  and  a  P^asL 
Also  of  the  planets  Jupiter,  Venus,  and  Mars,  and  of  different 
small  areas  of  the  moon. 

The  spectra  of  Sirius,  Yega,  a  Cy^ni,  a  Virginia,  9  XJisa 
Majoris,  a  Aauilsa  and  Arcturus  are  laid  down  in  the  map  on 
the  scale  of  M.  Comu's  map  of  the  ultra-violet  part  of  the  solar 
spectrum. 

The  stellar  spectra  extend  from  about  G  to  O  in  the  ultra- 
violet 

Six  of  these  spectra  belong  to  stars  of  the  white  class.  In 
1864  the  author  pointed  out  the  features  in  common  in  the 
visible  spectra  or  these  stars.  These  photographs  present  a 
remarkable  typical  spectrum  consisting  of  twelve  strong  linei 
(seven  only  or  these  were  given  in  the  preliminary  note  in 
1876).  The  least  refrangible  of  these  is  coincident  with  the 
hydrogen  line  (f)  near  G.  The  second  with  A,  also  a  line  of 
hydrogen.  The  third  with  H.  K,  if  present  at  all,  is  thin  and 
inconspicaous.* 

These  lines,  H  and  K,  are  coincident  with  lines  in  the  cal- 
cium spectrum,  and  are  usually  attributed  to  the  vapor  of  this 
substanca  Now  there  is  another  pair  of  strong  lines  in  the 
spectrum  of  calcium,  which  in  M.  Comu's  map  have  the  wave- 
lengths 3736*6  and  3705'5.  There  are  no  strong  lines  in  the 
white  stars  coincident  with  these  lines.  A  glance  at  the  map 
will  show  how  remarkable  is  the  armngement  in  position  of 
these  twelve  typical  lines.  They  form  a  great  group  in  which 
the  distance  between  any  two  adjacent  lines  is  less  as  the 
refrangibility  increasea  It  is  at  once  suggested  that  they  are 
connected  with  each  other  and  represent  probably  one  sub- 
stance, and  two  at  least  belong  to  hydrogen. 

It  should  be  stated  that  the  continuous  spectrum  extends  in 
the  photographs  beyond  S,  but  no  lines  can  be  detected  beyond 
the  twelfth  line  at  X  3699.  For  the  sake  of  convenience  of 
reference  the  author  distinguishes  these  lines  by  the  letters 

*  The  author  refers  to  Mr.  Lockyer's  paper,  Proceed.  R  S.^  Na  168,  1876,  in 
which  he  suggested  that  photographs  of  the  speotra  of  the  brighicr  stars  mi^t 
show  modifications  of  this  character  of  the  lines  of  the  <calcium  spectrum,  and 
that  such  modifications  would  confirm  his  views  on  the  dissociation  of  this  sab- 
stance.  Reference  is  also  made  to  Proceedings  R.  S,  December,  1878,  fig.  1| 
where  Mr.  Lockyer  gives  a  fuller  statement  of  his  views  on  this  and  other  poiDts 
in  connection  with  (Ufferent  classes  of  spectra  of  the  stars. 
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Df  the  Greek  alphabet  in  the  order  of  refrangibility,  beginning 
wnth  the  first  line  beyond  K  of  the  solar  spectrum.  The  wave- 
lengths of  these  lines  are  as  follows : — 

Hydrogen  near  Hydrogen  near 


1.  G 4340 

2.  h 4101 

3.  H 3968 

4.  a 3887-6 

5.  /3 3834 

6.  y 3796 


7.  6 3767-6 

8.  c 3746 

9.  C---. 3730 

10.  ft 3717-6 

11.  e 3707-6 

10.  1 3699 


In  all  these  stars  the  line  K  is  either  absent  or  very  thin  as 
C5ompared  with  its  appearance  in  the  solar  spectrum.*  In  the 
spectrum  of  Arcturus,  which  belongs  to  the  solar  type,  this 
line  exceeds  in  breadth  and  intensity  its  condition  in  the  solar 
spectrum.  The  white  stars  may,  therefore,  be  arranged  in  a 
series  in  which  the  line  K  passes  through  diflFerent  stages  of 
thickness,  at  the  same  time  that  the  typical  lines  become  nar- 
rower and  more  defined,  and  other  finer  lines  present  them- 
selves in  increasing  numbers.  Arcturus  seems  to  present  a 
spectrum  on  the  other  side  of  that  of  the  sun  in  the  order  of 
changes  from  the  white-star  group. 

The  spectra  of  the  planets  were  taken  on  the  plan  suggested 
by  the  author  in  1864,  in  which  the  planet's  spectrum  is 
observed  or  photographed  together  with  a  daylight  spectrum. 
These  photographs  show  no  sensible  planetary  modification  of 
the  violet  and  ultra-violet  parts  of  the  spectrum  of  the  planets 
Venus,  Mars,  and  Jupiter. 

Numerous  spectra  of  small  areas  of  the  lunar  surface  have 
been  taken  under  different  conditions  of  illumination,  and  dur- 
ing eclipses  of  that  body.  The  results  are  wholly  negative  as 
to  any  absorptive  action  of  a  lunar  atmosphere. 

The  author  is  preparing  to  attempt  to  obtAin  by  photography 
any  lines  which  may  exist  in  the  violet  and  ultra-violet  spectra 
of  the  gaseous  nebulae.  He  also  points  out  the  suitability  of 
the  photographic  method  of  stellar  spectroscopy,  first  inaugu- 
ratea  by  his  researches,  to  some  other  investigations,  such  as — 
diflferences  which  may  present  themselves  in  the  photographic 
region  in  the  case  of  the  variable  stars,  the  difference  of  rela- 
tive motion  of  two  stars  in  the  line  of  sight,  the  sun's  rotation 
from  photographic  spectra  of  opposite  limbs,  and  the  spectra 
of  the  different  parts  of  a  sun-spot. 

In  the  hope  of  throwing  light  on  many  physical  questions 
suggested  by  the  stellar  photographs,  the  author  has  taken  for 
comparison  a  number  of  terrestrial  spectra,  especially  of  hydro- 
ffCD  and  calcium,  under  different  physical  conditions.  As  he 
18  still  pursuing  this  inquiry,  he  reserves  an  account  of  this 
part  of  his  work. 

*  Messrs.  Dewar  and  Liveing  have  found  in  their  experiments  similar  relative 
changes  of  intensity  of  the  lines  of  calcium  corresponding  to  H  and  K  in  the 
tmiaaion  spectrum  of  calcium. 
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Art.  XLIX. — 'J%e  Vrano^neiTxa  Argentina. 

It  is  now  nearly  ten  years  since  Dr.  Gould  arrived  in  Buenos 
Ayres  on  his  way  to  Cordoba,  under  appointment  by  President 
Sartniento  to  establish  there  a  national  observatory  for  the 
Argentine  Confederation.  It  was  more  than  two  years  after 
hia  arrival  before  he  was  able  to  mount  his  meridian  circle  and 
begin  regular  observations  with  it  This  interval  was  not 
allowed  to  run  to  waste,  and  Dr.  Gould  began  a  series  of  obser- 
vations with  the  purpose  of  doing  for  the  southern  stars  what 
Argolander  bad  done  so  well  thirty  years  before,  in  the  Urano- 
melria  Nova,  tor  the  stars  of  the  northern  sky. 

Th  results  of  this  undertaking  are  now  published  in  a  quarto 
volume  of  385  pages,  and  an  atlaa  of  14  large  maps  of  stars. 
The  Uranometria  Argentina  will  probably  always  be  the 
standard  of  reference  for  the  southern  stars  visible  to  the  naked 
eye.  Any  information  about  it  will  therefore  be  acceptable  to 
the  readers  of  the  Journal. 

The  quarto  volume  is  printed  in  parallel  columns  of  Spanish 
and  English.  It  forms  the  Qrst  volume  of  the  Resullmhs  del 
Observatorio  Nacional  Argentino.  It  is  beautifully  printed  by 
Coni  at  Buenos  Ayres. 

It  consists  of  eight  chapters.  The  firat  contains  the  history 
of  the  work.  Ill  ihe  second,  on  Skiwlanh  uf  Magnitude.  Dr. 
Gould  explains  the  several  steps  in  forming  standards  for  a 
symmetric  and  continuous  series  of  gradations  of  brilliancy 
expressed  in  tenths  of  magnitudes,  such  that  the  round  units 
themselves  should  coincide  as  nearly  as  possible  with  those  of 
Argelander  in  his  Uranometria  Nova.  A  zone  of  stars  10°  in 
breadth  was  selected,  whose  altitude  was  the  same  at  Bono 
and  at  Cordoba,  in  which  722  stars  were  selected  as  types. 
This  series  of  standards  was,  in  the  end,  minutely  compared 
with  the  corresponding  determinations  o£  Argelander,  and  those 
of  Heis  in  his  Alias  CoeUstis  Novus,  also  with  the  magnitudes 
given  in  the  Durchmualerung  and  in  the  zones  of  Lalande  and 
Bessel.  Some  of  the  stars  had  been  observed  at  Albany  by 
Dr.  Gould  in  1858.  A  table  of  these  type  stars  ia  given  with 
their  magnitudes  as  stated  by  these  several  authorities.  For 
stars  brighter  than  the  sixth  magnitude,  the  adopted  scale 
ranges  lower  by  an  insignificant  amount  than  that  of  the 
Uranometria  Nova.  Dr.  Gould's  comparisons  of  scales  of 
magnitude  in  thb  chapter  and  in  the  fourth  chapter  are  eo- 
ttrely  independent  of  the  like  elaborate  comparison  by  Pro- 
fessor 0.  S.  Peirce  in  the  ninth  volume  of  the  Annals  of  the 
Harvard  Observatory. 

The  third  chapter  is  devoted  to  the  constellations  and  their 
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nomenclature.  It  opens  with  a  history  of  what  was  done  by 
Bayer,  who  first  broke  away  from  the  traditional  catalogue  and 
figures  of  Ptolemy,. by  Lacaille,  Bode,  Sir  John  Herschel,  Baily 
and  others  in  their  attempts  to  arrange  the  stars  of  the  southern 
sky  in  constellations,  and  give  the  stars  distinctive  names  in 
them.  The  principles  which  Dr.  Gould  has  finally  acted  upon 
are  expressea  in  six  rules. 

The  first  of  these  is  that  the  constellations  of  Ptolemy  and 
Hevelius,  together  with  those  adopted  or  introduced  by  Lacaille, 
are  to  be  retained,  and  no  others.  Argo  disappears  nominally, 
being  replaced  by  Carina,  Puppis  and  Vela. 

The  other  rules  refer  principally  to  the  names  of  the  stars 
and  the  constellations,  except  the  third,  which  is  perhaps  the 
most  important 

*'  The  boundaries  must  be  so  arranged  that  the  constellations 
shall  include  all  stars  denoted  by  Greek  letters  which  were 
assigned  to  them  by  their  authors  (unless  such  arrangement 
has  been  superseded  by  later  accepted  authority),  together 
with  all  others  as  bright  as  the  sixth  magnitude,  which  are 
referred  to  them  by  general  usage.  The  boundary  lines  are  to 
be  formed,  wherever  possible,  by  meridians  of  right-ascension 
and  parallels  of  declination  for  the  mean  equinox  of  18750. 
When  this  is  not  feasible  they  should  consist  of  regular  curves 
as  near  as  may  be  to  great  circles,  and  their  positions  be 
defined  by  points  of  intersection  with  meridians  and  parallels." 

Dr.  Gould  has  described  boundaries  for  the  several  constella- 
tions up  to  the  parallel  of  10°  of  N.  Declination,  where  the 
catalogue  terminates.  In  approaching  this  limit  he  says  that 
he  has  kept  in  mind  the  possibility  of  some  future  attempt  to 
establish  an  analogous  system  in  the  northern  hemisphere,  and 
adds  that  this  is  clearly  not  to  be  thought  of  at  present,  but 
may  at  some  not  distant  day  be  regarded  as  desirable. 

The  notation  adopted  for  the  stars  in  each  constellation  is 
given  at  length  in  the  carefully  prepared  notes  to  the  several 
constellations. 

This  fixing  of  the  boundaries  of  the  constellations,  in  the 
southern  sky,  is  a  subject  of  great  importance.  Would  it  not 
be  well  for  the  Astronomische  Oesellschaft,  or  some  other  author- 
ity in  astronomy,  to  consider  Dr.  Gould's  boundaries,  and,  if 
thev  are  approved,  urge  their  adceptance  by  all  astronomers  ? 

I'he  fourth  chapter  explains  the  determination  of  the  magni- 
tudes of  the  stars  from  those  of  the  type  belt,  and  gives  a  com- 
parison of  the  magnitudes  adopted  with  the  magnitudes  of 
Argelander,  Heis,  Lacaille,  Behrmann,  Lalande,  Bessel  and 
HerscheL 

The  fifth  chapter  contains  the  catalogue  of  the  stars  arranged 
by  constellations.      Only  those  stars  are  included  that  are 
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brigbtdr  than  7*1  magnit^ide^  and  «e  wiAio  100^  of  the  Boalk 
pde,  in  all  7780  in  aumW*  The  etam  hear  eonrent  niunhcan^ 
m  order  of  SL  A.,  and  the  atfrnonym  in  o^€r  oalalogoeBi  and 
the  magfiitade,  together  with  the  &  A.  and  dedinataon  are 
fgivea  for  each  star*  Of  the  number  mentioned,  6788  bdoog 
to  the  southern  heavens,  ainl  997  to  the  belt  of  10^  in  width, 
north  of  the  equator.    They  belong  to  66  different  con8iellati<Hi& 

About  100  pages  are  oocupied  with  the  sixth  chapter,  which 
eontains  notes  to  the  catalogue  Most  of  these  are  devoted  to 
the  magnitudes  of  stare,  with  qpeeial  r^erence  to  iStimr  beinff 
bombly  variable  This  propmr^  of  variability  Dr.  Gould 
Wieves  to  be  much  more  frequent  than  has  been  hidierto  sup- 
posed. 

Chapter  YII  describes  the  atlas,  which  *'  consists  of  thirteen 
special  charts,  together  ?rilh  a  fourteenth  or  g^ieral  one,  which 
presents  at  a  single  view  the  whole  region  included  in  our 
work,  and  serves  as  an  index  map  both  ror  the  others  and  br 
tiie  constellations.*' 

These  charts  are  drawn  upon  the  stereographic  prcgdotioiiy 
tmd  oorrespond  to  a  sphere  havii^  a  radiiui  of  one  meter.  !Elia 
stars  are  represented  by  circular  black  dots,  having  thttr  aresk 
pnoportional  to  their  respective  amounts  of  li^ht :  andiqM» 
ihe  map  there  is  given  a  aoale  to  half  magnitudes,  but  the 
actual  orawiug  shows  the  separate  stars  to  a  nearer  appioxima- 
tioD. 

'^The  names  and  distingaishing  letters  of  the  stars  have 
been  omitted,  and  the  names  of  the  constellations  been  placed 
in  a  compact  form  in  those  positions  least  likely  to  distract  the 
attention  of  the  observer"  in  order  to  have  the  real  aspect  of 
the  sky  as  nearly  reproduced  as  possible. 

The  practical  inconvenience  entailed  by  this  condition  of 
not  having  the  stars'  letters  given  in  the  first  thirteen  charts,  is 
lessened  by  having  the  principal  ones  lettered  in  Chart  XIV. 

The  charts  themselves  are  sumptuously  lithographed  on 
heavy  paper  and  in  excellent  style  throughout  Perhaps 
nowhere  is  the  artistic  skill  of  the  lithographer,  .Mr.  Julius 
Bien,  better  shown  than  in  the  beautiful  representation  he  has 
given  of  the  Milky  Way.  Dr.  Gould,  after  referring  to  the 
labor  expended  on  the  mapping  of  this  part,  goes  on  to  say, 
"  To  astronomers  dwelling  neat  the  level  of  the  sea,  or  in  the 
neighborhood  of  large  cities,  or  where,  for  any  other  reason,  the 
meteorological  conditions  are  not  especially  i^vorable  to  trans- 

Earency  in  the  atmosphere,  the  brilliancy  of  the  Milky  Way  as 
ere  depicted  may  seem  excessive.  But  this  is  not  so  in  any 
of  those  impressions  which  I  have  personally  examined ;  none 
of  them  exaggerating  in  general  its  brightness  as  seen  at  Go^ 
doba  under  Sivorable  circumstancea" 
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chapter  VIII,  which  is  a  dissertation  on  the  distribution  of 
stars  (occupying  35  pages),  opens  with  a  table  showing  "  the 
nber  of  stars,  of  each  grade  of  brilliancy  from  7"*0  upward, 
ichf  are  to  be  found  south  of  the  parallel  of  ten  degrees  north 
lination."     The  results  of  this  table  are: — 


Magnitude. 

No.  Stan  South  Declination. 

No.  Btan  Nortli  DecUnatlon. 

00  to  2-0 

19 

3 

21  to  30 

66 

6 

3-1  to  40 

166 

29 

41  to  60 

321 

66 

61  to  60 

1238 

lU 

6-1  to  70 

4884 

■724 

^utting  2*^  to  represent  the  total  number  of  stars  contained 
.be  catalogue  to  the  mth  magnitude  inclusive,  he  finds 

:^,=0-64896  (3-91 11)- 

>e  a  near  approximation  to  the  number  of  stars  of  each  mag- 

ide  contained  within  the  limits.    Then  follows  a  careful  and 

lewhat  elaborate  comparison  between  the  numbers  of  stars 

igned  to  the  several  magnitudes  in  the  Durohmusterung,  the 

mometria  Nova  and  the  Atlas  Coelestis  of  Heis.    Dr.  Gould 

as  up  the  result  of  his  extremely  interesting  investigation 

368)  as  follows : 

'1.  There  is  in  the  sky  a  girdle  of  bright  stars,  the  medial 

3  of  which  diflFers  but  little  from  a  circle,  inclined  to  the 

actio  circle  by  a  little  less  than  20°. 

L  The  grouping  of  the  fixed  stars  brighter  than  4°'l  is  more 

tematic,  relatively  to  that  medial  line,  than  to  the  galactic 

ile ;  and  the  abundance  of  bright  stara  in  any  region  of  the 

r  is  greater  as  its  distance  therefrom  is  less. 

K  The  known  tendency  to  aggregation  of  faint  stars  toward 

Milky  Way  is  according  to  a  ratio  which  increases  rapidly 
bheir  magnitudes  decrease,  and  the  law  of  which  is  such  that 

corresponding  aggregation  would  be  scarcely,  if  at  all,  per- 
tible  for  the  brignt  stars. 

L  These  facts,  together  with  others  which  have  been  stated, 
icate  the  existence  of  a  small  cluster,  within  which  our  sys- 
1  is  eccentrically  situated,  but  which  is  itself  not  far  from 

middle  plane  of  the  galaxy.  This  cluster  appears  to  be  of 
attened  shape,  somewhat  bifid,  and  to  consist  of  somewhat 
re  than  400  stars,  of  magnitudes  from  the  first  to  the  seventh, 
ir  average  magnitude  being  about  3*6  or  3'7. 
K  The  general  distribution  of  the  fixed  stars  according  to 
gnitude  does  not  appear  capable  of  being  well  represented 
any  simple  algebraic  expression.  Yet  by  adopting  the  data 
the  preceding  paragraph,  and  supposing  the  several  magni- 
les  of  the  stars  in  the  cluster  to  follow  the  law  of  Probabili- 
),  we  obtain  for  each  class  of  magnitudes  a  number,  which 
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being  subtracted  from  the  obsenred  number  in  the  sky,  leayes 
a  system  of  distribution  which  may  be  represented  by  the  ex* 
pression  Z^^aJf^  within  the  limits  of  the  errors  of  obsenratioD. 

6.  The  accordance  thus  obtained  holds  good  for  the  stars  of 
both  hemispheres  down  to  the  lowest  limits  of  magnitude  for 
which  trustworthy  enumerations  exist;  and  this  whether  we 
employ  the  numbers  of  the  Durchmusterung,  of  Aigelander's 
ana  Ibis's  Uranometries,  or  of  this  present  work. 

7«  The  form  of  the  expression  S^^aV^  is  that  which  corres- 
ponds to  the  hypothesis  that  in  general  the  stars  are  distributed 
at  approximately  equal  distances  from  one  another,  and  are  of 
approximately  equal  intrinsic  briUiancy.  It  is,  however,  not 
requisite  for  its  applicability  that  their  distribution  be  equable 
in  all  directions,  but  only  that  their  number  be  proportional 
to  the  volume  of  the  spherical  shell  within  which  tney  are  con- 
tained. 

8.  Each  of  the  authorites,  and  each  hemisphere,  affords  data 
from  which  results  essentially  the  same  value  for  the  ratio  i^ 
the  difference  in  the  data  being  in  every  case,  represented  bv 
differences  in  the  co^cient  a.  The  value  thus  ootained  for  o^ 
corresponds  to  the  light  ratio  0*4028  for  descending,  or  24827 
for  ascending,  magnitudes." 

Then  follows  a  description  of  the  parts  of  the  Milky  Way, 
with  its  rifts  and  ramifications,  and  the  gradations  and  contrasts 
of  light.  With  this  is  a  careful  determination  of  the  medial 
points  and  the  breadth  of  the  stream,  the  position  of  the 
galactic  circle,  and  the  numbers  of  stars  on  tne  two  sides  of 
the  circle. 

"  Inferences  of  some  cosmological  importance  are  deducible 
from  the  tables  just  given.  It  cannot  escape  notice  that  the 
part  of  the  Milky  Way  which  lies  between  160°  and  225°  of 
galactic  longitude,  or  from  6^  to  8^  of  right-ascension,  is  much 
the  broadest  of  all ;  this  corresponding  to  the  region  of  widest 
separation  of  the  branch-circles  in  the  undivided  portion  of  the 
stream.  Moreover  the  narrowest  parts  are  from  3**  to  5J^  and 
from  10\^  to  12^  of  right-ascension,  or,  roughly,  in  the  galactic 
longitudes  105°  to  150°  and  255°  to  270°.  These  regions, 
which  are  also  of  preeminent  brilliancy,  correspond  approxi- 
mately to  the  place  where  the  circles  of  the  branches  intersect 
each  other ;  in  short,  there  are  sundry  indications  that  the  whole 
phenomenon  of  the  Milky  Way  may  become  simplified  by 
treating  it  as  the  resultant  of  two  or  more  superposed  galaxies.  * 

H.   A.   NEWTOK- 
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Art.  L. —  On  the  Ivanpah,  California^  Meteoric  Iron;  by  Chas. 
Upham  Shepard,  Emeritus  Professor  of  Natural  History  in 
Amherst  College. 

For  my  knowledge  of  the  discovery  of  this  meteorite,  I  am 
indebted  to  Mr.  C.  C.  Parry,  of  the  Academy  of  Science  of 
Davenport,  Iowa,  and  to  Mr.  W.  G.  Wright,  Naturalist  at  San 
Bernardino,  California,  from  each  of  whom  1  received  a  few 
weeks  ago,  communications  upon  the  subject,  accompanied  by 
small  fragments  from  the  mass,  for  my  examination  and  analysis. 

Before  proceeding  to  the  description  of  these,  I  may  state 
the  circumstances  connected  with  this  interesting  discovery. 
The  locality  is  situated  in  a  region  known  as  the  Coloradfo 
Basin,  within  eight  miles  of  Ivanpah,  which  place  is  about  two 
hundred  miles  northeast  of  San  Bernardino  in  Southern  Cali- 
fornia. 

The  mass  was  discovered  very  recently  by  Mr.  Stephen 
Goddard,  who  in  returning  one  evening  to  his  camp  after  a 
prospecting  excursion,  as  he  was  crossing  what  is  there  called 
a  wash^  had  his  attention  arrested  by  a  singular  looking  bowlder. 
On  striking  it  with  his  pick,  he  was  still  more  surprised  at  the 
ringing  sound  produced  by  the  blow.  These  observations  led 
him  to  return  the  day  following  with  a  wagon,  and  to  remove 
it  to  Ivanpah.  From  thence  it  was  taken  by  Mr.  Heber  Hunt- 
ington to  San  Bernardino,  where  it  was  placed  for  some  time 
on  exhibition  at  the  store  of  Mr.  Craig.  From  thence  again,  it 
has  lately  been  transported  to  San  Francisco,  and  deposited 
with  Mr.  Henry  G.  Hanks,  the  State  Geologist ;  and  will,  in 
all  probability,  be  preserved  in  the  future  geological  collection 
of  Ualifornia.  • 

Description  of  the  Meteorite, 

It  is  oval  in  shape,  having  one  of  its  sides  somewhat  flattened. 
Its  surface  is  entirely  covered  with  depressions  or  dents,  **  as  if 
it  had  been  patted  all  over  with  pebbles"  or  clam  shells,  while 
yet  soft  or  plastic.  The  size  and  shape  of  these  concavities 
are  various,  irom  one  to  four  inches  across ;  and  in  addition, 
there  are  three  round  holes  an  inch  deep  as  if  made  by  the 
little  finger.*  The  weight  of  the  mass  is  supposed  to  be  one 
hundred  and  twenty  pounds.  Its  dimensions  are  fourteen 
inches  in  length,  by  nine  in  breadth  and  seven  in  thickness. 

The  fragments  in  my  possession  (the  largest  weighing  five 
grams)  show  a  highly  crystalline  and  homogeneous  iron,  requir- 

*  From  this  account,  it  would  appear  that  the  mass  resembles  the  Orange  River 
(South  Africa)  iron  of  170  pounds  weight  in  the  Amherst  OoUeg^  cabinet,  which 
singularlj  enough  has  one  of  the  finger-holes  above  noticed,  which  though  not  so 
de^,  is  as  perfectlj  turned  at  sides  and  bottom,  as  if  artifldallj  formed. 
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ing  no  aid  of  etching  to  reveal  the  Widman  figures;  and 
prove,  that  it  must  belong  to  the  order  Megagrammic  of  my 
class  of  Siderites.  Indeed  it  seems  highly  probable,  that  the 
crystalline  structure  of  the  entire  mass  is  in  conformity  with 
that  of  a  single  individual.  The  cleavages,  as  most  usual  in 
these  bodies,  are  octahedral ;  and  reveal  rather  a  coarse  lamina- 
tion. The  schreibersite  separating  these  thick  laminse  (as 
brought  into  view  by  polishing  and  etching)  is  very  thin ;  and 
runs  in  perfectly  straight  lines,  dividing  the  polished  surfaces 
oflF  into  rather  broad,  triangular  and  oblique  angled  spaces, 
whose  areas  again,  are  beautifully  covered  by  very  small  irr^- 
ular  dots  and  characters,  themselves  distributed  in  parallel 
rows,  but  among  which,  continuous  straight  lines  appear  to  be 
wanting, — the  boundaries  of  the  larger,  triangular  and  quad- 
rangular spaces  only,  consisting  of  rectilinear  lines.  There 
would  therefore  seem  to  be  two  varieties  of  schreibersite  pres- 
ent ;  one  in  flat  leaves,  the  other  in  wavy,  semi-cylinders  or 
irregular  prisms.  The  latter  may  be  the  rhabdite  of  Reichenbach. 
Both  kinds,  however,  are  equally  taken  into  solution  by  long 
digestion  in  aqua  regia.     Specific  gravity  =  7*65. 

CompoHtion, 

Iron 94-98 

Nickel 4-52 

Phosphorus    0*07 

Graphite 0*10 

99-67 

No  sulphur  was  present  For  want  of  material,  no  examina- 
tion was  made  for  the  metals,  often  detected  in  small  quantities 
in  meteoric  irons. 

Charleston,  S.  C,  March  12,  1880. 


Art.  LI. — The  Atomic  Weifjhi  of  Aniiinony :  PreUiniyiary  Noiict 
of  Additional  Experiments  ;  by  JosiAH  P.  CoOKE. 

[From  the  Proceedings  of  the  American  Acad,  of  Arts  and  Sci.,  Mar.  10,  1880.] 

In  our  previous  paper  on  this  subject,*  we  gave  our  reasons 
for  the  opinion,  since  fully  confirmed,  that  the  bromide  of  anti- 
mony is  the  most  suitable  compound  of  this  element,  as  yet 
known,  for  determining  its  atomic  weight;  and  the  results  of 
fifteen  analyses  of  13 v  different  preparations  of  the  bromide 
were  published,  which  gave  for  the  atomic  weight  in  question 
the  mean  value  120  00  with  an  extreme  variation  between 
1194  and  1204  for  all  the  fifteen  analyses,  and  between  119*6 

*  This  Journal,  III,  xv,  41,  107,  1878. 
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and  120*3  for  the  six  determinations  in  which  we  placed  most 
confidence.  The  antimonious  bromide  used  in  these  determi- 
nations was  purified  first  by  fractional  distillation,  and  secondlj 
by  crystallization  from  a  solution  in  sulphide  of  carbon.  Li 
the  crystallized  product  thus  obtained,  the  bromine  was  deter- 
mined gravimetrically  as  bromide  of  silver  in  the  usual  way. 
Although  it  seemed  at  the  time  that  the  results  were  as  accord- 
ant as  the  analytical  process  would  yield  under  the  unfavorable 
conditions,  which  the  presence  of  a  large  amount  of  tartaric 
acid  in  the  solution  of  the  bromide  of  antimony  necessarily  in- 
volved ;  yet  it  was  obvious  that  the  agreement  was  far  from 
that  which  was  desirable  in  the  determination  of  an  atomic 
weight,  and  our  chief  confidence  in  the  accuracy  of  the  mean 
value — independently  of  its  remarkable  agreement  with  pre- 
vious results — was  based  on  the  fact  that  the  known  sources  of 
error  tended  to  balance  each  other.  Hence  our  conclusions 
were  stated  with  great  caution,  and  the  hope  was  expressed 
that  after  a  more  thorough  investigation  of  the  subject  we 
might  be  able  "to  return  to  the  problem  with  such  definite 
knowledge  of  the  relations  involvea  as  will  enable  us  to  obtain 
at  once  more  sharp  and  decisive  results  than  are  now  possible." 
Unfortunately  this  investigation  has  been  delayed  by  causes 
beyond  our  control. 

In  our  previous  paper,  we  described  a  simple  apparatus 
which  we  devised  for  subliming  iodide  of  antimony ;  and  in  a 
note  to  the  paper  we  stated  that  we  were  applying  the  same 
process  to  the  preparation  of  the  bromide  of  antimony,  and 
that  it  promised  excellent  results.  Our  expectations  in  this  re- 
spect have  been  fully  realized,  and  the  product  leaves  nothing 
to  be  desired  either  as  regards  the  beauty  or  the  constancy  of 
the  preparation.  The  fine  acicular  crystals  are  perfectly  color- 
less, and  have  a  most  brilliant  silky  luster.  With  ordinary 
precautions  they  can  be  kept  indefinitely  without  change,  and 
It  is  easy  therefore  to  determine  the  weight  of  the  material 
analyzed  to  the  tenth  of  a  milligram. 

We  have  carefully  studied  the  causes  of  error  involved  in 
the  analytical  process  of  determining  bromine  in  an  aqueous 
solution  of  bromide  of  antimony  and  tartaric  acid  by  the  usual 
gravimetric  method.  These  causes  we  propose  to  discuss  in  a 
future  more  extended  paper.  In  this  preliminary  notice,  we 
have  only  space  to  state  tnat  we  have  satisfied  ourselves  that 
the  small  differences  between  the  results  previously  obtained 
arose  wholly  from  the  analytical  process,  and  not  from  any 
want  of  constancy  in  the  material  analyzed  ;  and  further  that 
these  sources  of  error  are  to  a  very  great  extent  under  control. 
Moreover,  we  have  found  that  the  volumetric  determination  of 
bromine  by  silver  was  not  materially  affected,  if  at  all,  by  the 
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same  causes.  We  have  thus  been  led  to  de^rise  a  mode  of  test- 
ing the  atomic  weight  of  antimony,  which,  while  it  haa  all  the 
advantages  of  the  gravimetric  method  previoosly  employed,  ii 
free  from  its  sources  of  error. 

If  the  atomic  weight  of  antimony  were  122-00,  it  would  re- 
quire 1*7900  ^ms  of  pure  silver  to  precipitate  the  bromine 
irom  a  solution  of  2*0000  grams  of  antimony  bromide, 
while  if  the  atomic  weieht  of  antimony  were  120*00  it  would 
require  1*8000  grams  of  silver.  Now  it  is  easy  to  estimate 
volumetrically  ^|^  of  this  difference  with  great  certainty.  We 
therefore  prepared  with  great  care  a  button  of  pure  metallic 
silver,  which  we  annealed  and  rolled  out  to  a  thin  ribbon.  We 
then  weighed  out  from  two  to  four  grams  of  bromide  d 
antimony,  prepared  by  sublimation  as  described  above,  and  dis- 
solved this  salt  in  an  aqueous  solution  of  tartaric  acid,  which 
we  then  transferred  to  a  liter  flask  and  diluted  to  about  600 
cubic  centimeter&  We  next  very  accurately  weighed  out  a 
quantitj^  of  silver  slightly  less  than  that  which  calculation 
snowed  was  required  for  complete  precipitation.  This  silver 
was  dissolved  in  nitric  acid,  and  tne  solution  having  been 
evaporated  to  dryness  over  a  water  bath,  the  silver  salt  was 
washed  into  the  flask  containing  the  bromide  of  antimony. 
As  soon  as  the  supernatant  liquid  had  cleared,  the  small 
additional  amount  of  a  normal  silver  solution  required  to  pro- 
duce complete  precipitation  was  run  in  from  a  burette,  and 
measured  with  the  usual  precautions.  We  used  no  extraneous 
indicator,  because  it  was  important  not  to  introduce  any  possi- 
bly new  disturbing  element  into  the  experiment,  and  in  the 
titration  of  bromine  with  silver  the  normal  and  familiar  phe- 
nomena, which  mark  the  close  of  the  process,  furnish  a  very 
sharp  indication.  The  details  of  one  of  the  determinations 
were  as  follows : — 

The  weight  of  the  bromide  of  antimony  used  amounted  to 
2*5032  grams.  To  precipitate  the  bromine  from  the  solution 
of  this  material  2*2404  grams  of  silver  would  be  required  if 
Sb  =  122*00  and  2*2529  if  Sb  =  120*00  We  weighed  out,  with 
as  much  accuracy  as  if  we  were  adjusting  a  weight,  the  smaller 
of  these  two  quantities  of  metallic  silver,  and  after  dissolving 
the  pure  metal  in  pure  nitric  acid,  evaporating  the  solution  to 
dryness  and  redissolving  in  water,  we  added  at  once  the  whole 
of  this  silver  solution  to  the  liter  flask  containing  the  solution 
of  bromide  of  antimony,  in  the  manner  described  above.  It 
was  then  found  that  12X  cubic  centimeters  of  a  normal  silver 
solution  (one  gram  oi  silver  to  the  liter)  were  required  to 
complete  the  precipitation.  It  will  be  seen  that  the  weights  of 
the  bromide  of  antimony  and  silver  used  could  be  thus  deter 
mined  with   the  most  absolute  precision,  and    we  have  the 
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Seatest  coDfidencc  in  these  values  to  the  ^^  of  a  milligram. 
oreover,  it  will  be  noticed  that  the  volumetric  method  is  only 
used  to  estimate  the  difference  in  the  atomic  weight  which  has 
been  in  question,  and  that  if  the  method  were  only  accurate  to 
the  3^  of  the  quantity  to  be  measured  it  would  give  us  the 
value  of  the  atomic  weight  within  ^^  of  a  unit ;  while  if,  as  we 
had  reason  to  believe,  the  process  was  accurate  within  one  per 
cent,  it  would  fix  the  atomic  weight  within  y^  of  a  unit 

By  the  method  just  described,  the  following  results  were  ob- 
tained :  The  letters  a  and  h  indicate  different  preparations. 


wt  of  SbBr, 
taken. 

a  1.  2-6032 

a  2.  2-0567 

a  3.  2*6512 

b  4.  3-3053 

h  5.  2-7495 


Total  wt  ^  Ag 
used. 

2-2528 
1-8509 
2-3860 
2-9749 
2-4745 


Per  cent  of  Br  Corresponding 

Ag=108  Br  =80.  value  of  Sb. 

66-6643  120-01 

66-6620  120-02 

66-6644  120-01 

66-6696  119-98 

66-6653  12001 


Mean  value, 

Mean  value  of  fifteen  gravimetric  de-  | 
terminations  previously  published,     j 
Theory  Sb.  120  requires 
"         Sb.  122         " 


66-6651 

66*6665 

66-6666 
66-2983 


120-01 


In  order  still  further  to  control  the  work,  we  collected  the 
bromide  of  silver  formed  in  the  last  two  determinations,  wash- 
ing the  precipitate  with  the  precautions  which  experience  had 
shown  to  be  necessary,  and  determining  its  weight,  first,  after 
drying  at  150°  C,  and,  secondly,  after  heating  to  incipient 
fusion.  In  6  6  there  was  a  loss  of  ^  of  a  milligram  ;  in  6  7 
a  loss  of  3^  of  a  milligram  only  at  the  second  weighing. 
This  is  an  absolute  proof  that  there  could  be  no  sensible  occlu- 
sion of  any  tartaric  acid  or  any  tartrate  by  these  precipitates, 
and,  as  stated  in  our  original  paper,  the  same  test  was  fre- 
quently applied,  although  not  always,  in  our  previous  determi- 
nations. It  is  also  evident  that  these  last  experiments  give  us 
two  essentially  distinct  determinations  of  the  atomic  weight, 
although  the  materials  employed  were  identical  with  those  of 
h  4  and  6  #5. 


Wt'of  SbBr, 
taken. 

b  6.  3-3053 
b  7.  2-7495 

Mean  value. 


Wt.  of  Ag  Br 
determined. 

5-1782 
4-3076 


Per  cent  of  Br 
Ag=108Br=80. 

66-665 
66-667 

66-666 


Corresponding 
value  of  Sb. 

120-01 
120-00 


120-00 


Lastly,  it  is  obvious  that  these  gravimetric  determinations, 
taken  in  connection  with  the  corresponding  volumetric  results, 
give  us  the  most  conclusive  evidence  of  the  purity,  both  of  the 
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metallic  silver  used,  and  also  of  the  bromide  of  antimony, 
wtich  is  the  basis  of  this  atomic  weight  investigation.  Bj 
comparing  b  6  and  b  7  with  b  4  and  b  5  respectively,  we  obtun 
the  following  data: — 

1.  2'9749  gram  of  silver  gave  5*1782  gram  bromide  of  ulver. 

2.  2-4745         "       "  "      4-30V6         ''         "  " 
Hence  it  follows  that,  aa  shown   by  these  experimente,  the 

proportions  of  the  silver  to  tbe  bromine  were  respectively: — 

1.  10800  Silver  to  V9'99  Bromine. 

2.  108-00        "     "      80-OJ  " 
Mean  value,      108-00       "     "     80-00         " 

This  is  the  ratio  of  the  atomic  weight  of  silver  to  that  of 
bromine,  and  corresponds  to  the  second  decimal  place  with  the 
determinations  of  Staa  as  well  as  with  those  oF  Duraas. 

In  conclusion  it  gives  us  pleasure  to  express  oar  obligatioDS 
to  Mr.  G.  De  N.  Hough  and  Mr.  G.  M.  Hyams,  two  students  of 
this  laboratory,  who  have  greatly  aided  us  in  the  experimental 
work  of  this  investigation. 


A»T.  \AL—Daubrk'e  Experimental  Otology:  Pari  II, 

meiibil   Stic/i/  of  Mt/'iiri'lry  u-ith   rr/'er-Ttce  la  certain    CbsmKal 
Phenomena ;  noticed  by  J.  Lawrence  Smith. 

£tudea  Sjnth^queB  de  Q«ologie  Ezp^rimeiittJe ;  par  A.  Daabrde,  Denxitet 
parti«— appUoation  de  1»  metbode  experimentale  a  I'/tuda  de  diverH  ph^nomteM 
coflmologi^ues. 

Thb  first  part  of  Professor  Danbr^e's  valuable  work  on 
experimental  geology  appeared  several  months  since.*  The 
second  part,  embracing  about  350  pages,  is  exclusively  devoted 
to  an  experimental  study  of  the  structure  and  genesis  of 
meteoric  minerals,  and  to  the  bearing  of  the  facts  on  the  consti- 
tution of  the  universe. 

The  first  chapter  of  the  part  before  us  is  devoted  to  the 
study  of  the  phenomena  attending  the  fall  of  Aerolites  and  to 
their  classification.  Tbe  statement  is  reaffirmed,  "  that  the  two 
months,  August  and  November,  remarkable  for  abowere  of 
shooting  stars,  have  no  particular  prominence  over  other 
months  as  regards  tbe  numoer  of  falls  of  meteoric  stones."  It 
is  important  that  this  fact  should  be  clearly  stated  and  ^eite^ 
ated,  since  many  scientists  are  disposed  to  connect  these  two 
classes  of  phenomena  ;  until  shooting  stars  and  meteoric  atones 
are  treated  of  wholly  independently,  no  approach  will  be  made 
to  a  correct  theory  m  r^ard  to  tbe  origin  of  the  latter. 
■  This  Journal,  Augost,  18TB,  p.  ISO. 
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The  composition  of  meteorites  is  reviewed,  and  the  well- 
established  fact  that  but  few  minerals  enter  into  the  constitu- 
tion of  these  bodies,  however  different  they  may  be  in  physical 
characters. 

The  metallic  iron,  forming  either  the  entire  mass  or  dissemin- 
ated in  small  particles  through  the  stones,  is  invariably  a  nickel- 
iferous  iron,  containing  a  little  cobalt  and  a  trace  of  copper.  The 
stones  commonly  consist  almost  entirely  of  bronzite*  or  ensta- 
tite  (sometimes  with  magnesia  as  the  only  protoxide  element) 
and  olivine  in  various  proportions,  with  particles  of  iron  in 
smaller  or  greater  quantity  disseminated  through  the  mass. 
The  next  most  abundant  non-metallic  mineral  is  anorthite, 
which  is  found  in  that  class  of  meteorites  called  eukrite. 
Besides  these,  a  few  other  minerals  are  more  or  less  constant, 
but  usually  in  small  (juantities  and  some  of  them  in  minute 
proportions,  such  as  troilite,  schreibersite,  chromite,  daubr6elite, 
etc.  Other  well-known  physical  and  chemical  characters  are 
referred  to  in  the  same  chapter. 

The  most  interesting  part  of  Professor  Daubree's  labors 
relates  to  the  fusion  of  meteorites  and  their  artificial  imita- 
tion. In  the  first  class,  of  experiments  the  results  show  that 
the  fusion  of  meteoric  stones  does  not  alter  materially  the 
character  of  the  minerals  contained  in  them,  except  that  the 
crystals  of  the  minerals  become  better  characterized,  as  seen  by 
examination  under  the  microscope. 

The  fusion  of  the  eukritic  meteorites  present  some  remark- 
able features;  "  they  yield  a  product  wholly  different  from  the 
other  magnesian  meteorites,  namely :  a  vitreous  mass  sometimes 
striped  by  a  commencement  of  devitrification,  but  without 
crystals  of  olivine  or  enstatite."  **  In  the  same  experiments,  a 
substance  is  obtained  that  does  not  appear  to  have  been  seen 
in  the  magnesian  meteorites;  this  is  titanium  (in  the  state 
of  carbo-azotide)  recognized  by  its  characteristic  color  and  by 
its  not  being  attacked  by  acids. 

The  imitation  of  meteorites  by  the  reduction  of  terrestrial 
rocks  was  successfully  made  by  fusing  rocks  consisting  princi- 
pally of  pyroxene  (a  mineral  closely  related  to  enstatite)  and 
olivine.  In  operating  upon  olivine  and  Iherzolite  in  large 
quantities,  by  fusing  tnem  in  a  crucible  brasqui,  buttons  of  iron 
were  obtained  giving  regular  figures  when  etched,  and  contain- 
ing nickel  and  cobalt.  In  another  series  of  experiments,  hydro- 
gen instead  of  carbon  was  used  as  the  reducing  agent  on  Iher- 
zolite and  pyroxene,  and  the  decomposition  was  ^effected  at  a 
low  red  heat  The  oxide  of  iron  was  reduced  to  metallic  iron, 
and  the  phosphates  to  phosphides,  the  products  having  a  close 

*  The  enstatite^  also  called  bronzite,  in  its  chemical  character  Lb  a  magnesian 
pyroxene. 
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ohemical  analogy  to  what  is  found  in  meteoritea.  A  portion 
of  this  part  of*  ule  volnme  contains  a  minute  desoription  of  tha 
San  Oatharina  meteoric  iron,  which  possesses  much  interest 
and  is  worthy  of  a  still  more  extended  study. 

In  the  second  chapter,  the  deep-seated  rocks  of  our  globe  are 
compared  with  meteorites.  There  is  much  that  is  interesting 
in  the  statements  in  regard  to  olivine  and  the  transformation 
of  serpentine  into  olivine.  In  this  connection,  Professor  Dsu- 
br6e  makes  some  interesting  statements  with  reference  to  the 
association  of  platinum  witn  serpentina  The  presence  of 
metallic  iron  in  native  platinum  is  a  distingaishing  characteris- 
tic and  would  lead  us  to  infer  some  connection  between  the 
rock  matrix  of  platinum  and  meteorites. 

Baubr^e's  observations  and  experiments  in  regard  to  the 
cosmic  bodies  from  which  meteorites  are  derived  is  of  consider 
able  interest,  embracing  as  they  do  the  supposable  oonditions 
under  which  the  minerus  were  formed  In  r^ard  to  what  he 
considers  minerals  of  reduction — as  the  iron  ana  schreibersite — 
he  is  inclined  to  attribute  their  reduction  to  an  atmosphere  of 
hygrogen  acting  on  the  rocks  at  a  more  or  less  elevated  temper- 
ature; how  high  the  temperature  was  it  is  impossible  to  decide. 
He  says :  ''  It  was  without  doubt  an  elevated  temperature^ 
because  the  anhydrous  silicates,  as  olivine  and  pyroxene,  are 
the  products;  yet  at  the  moment  of  solidification  and  crystal- 
lization, the  temperature  appears  to  have  been  inferior  to  that 
which  I  employed  in  my  previous  experiments  [those  of  fusing 
the  meteorites].  Two  facts  would  lead  us  to  this  conclusion.  * 
'*  The  elevated  temperature,  produced  in  the  laboratory,  resulted 
in  the  formation  of  distinct  and  large  crystals,  such  as  are  never 
found  in  meteorites.  It  is  worthy  of  note  that  the  siliceous 
substances  which  compose  ordinary  meteorites  are  always  in 
small  confused  crystals,  notwithstanding  the  extreme  tendency 
of  the  minerals  to  crystallize.  Beside  this  pn>duction  of  small 
confused  crystals,  there  is  a  manifest  tendency  for  them  to 
assume  a  globular  form." 

The  author  compares  meteorites  with  the  rocks  of  our  globe 
and  brings  out  the  contrast  in  a  striking  manner,  showing 
their  entire  dissilnilarity  with  our  sedimentary  rocks  ;  and  also 
with  granite,  gneiss,  mica  schist  and  other  rocks  of  this  family, 
whose  minerals,  as  tourmaline  and  other  silicates,  are  never 
present  in  meteorites.  It  is  only  below  the  granites  that  we 
encounter  rocks  at  all  analogous  to  meteorites ;  and  in  these 
occur  all  the  elements  and  many  of  the  minerals  that  are  to  be 
found  in  them.  This,  in  connection  with  what  the  spectroscope 
has  developed,  points  to  a  unity  in  the  origin  of  celestial  bodies 
and  in  the  constitution  of  the  universe,  a  fact  illustrated  in 
various  lights  by  the  author. 
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He  observes :  **  Whatever  their  origin  and  orbits,  the 
meteorites  that  fall  on  our  planet  show  us  one  of  the  great 
methods  of  change  carried  on  in  the  universe,  consisting  in  the 
distribution  of  the  fragments,  derived  from  the  destruction  of 
certain  stars,  planets  or  asteroids,  among  other  suns  and  planets. 
Soph  occurrences  are  not  accidental  or  exceptional  phenomena, 
but  facts  under  a  law  of  the  universa  In  establishing  a  close 
relation  between  meteorites  and  the  deep-seated  rocks  of  our 
globe,  we  not  only  unravel  remote  phases  in  the  history  of  our 
own  globe,  but  establish  the  intimate  relation  that  exists  be- 
tween the  different  parts  of  the  universe."  "It  is  thus  that 
geology,  taken  in  its  broadest  sense,  has  an  intimate  relation 
to  physical  astronomy,  for  if  it  receives  light,  it  also  con- 
tributes light" 

The  second  section  of  this  part  of  Professor  Daubr^e's  work 
treats  of  the  mechanical  phenomena  connected  with  meteorites. 
Under  this  head  are  included  the  globular  structure  which 
characterizes  many  of  the  minerals,  the  polyhedral  forms  of 
meteorites,  and  the  pitting  on  their  surface.  This  last  charac- 
teristic is  treated  at  great  length,  and  is  attributed  to  sudden 
heating  in  connection  with  great  gaseous  pressura  Numerous 
examples  are  given  of  experiments  on  stone,  iron  and  steel  with 
gunpowder  and  dynamite ;  and  over  forty  pages  of  the  work 
are  devoted  to  the  details  connected  with  them. 

In  the  application  of  this  part  of  the  subject.  Professor  Dau- 
br6e  says :  "  Those  meteorites,  which  have  a  fragmentary  struc- 
ture and  are  very  often  polyhedral  in  form,  exhibit  on  their 
surface  the  effects  of  the  action  of  compressed  and  heated  gases, 
the  indentations  affording  evidence  of  a  wearing  action  by  air 
in  a  cyclonic  movement."  When  meteoric  masses  have  been 
isolated  from  each  other  after  entering  the  atmosphere  their 
surface,  during  their  course,  has  been  exposed  to  compressed 
and  incandescent  gases,  from  the  time  that  they  became  lumin- 
ous to  that  when  they  have  exploded,  at  which  time  the 
incandescence  ceases.  The  track  of  a  meteorite  while  thus 
incandescent  is  often  over  one  hundred  and  twenty-five  miles, 
and  takes  several  seconds.  During  this  time,  it  certainly  can- 
not preserve,  in  the  midst  of  powerful  erosive  action,  its  poly- 
hedral form,  with  well  defined  angles  and  edges."  These 
deductions  are  certainly  reasonable.  It  is  evident  that  the  pow- 
erfully compressed  air  is  the  cause  of  their  frequent  explosions 
attenaed  with  rupture  of  the  mass  ;  for  the  compression  of  the 
air  may  be  supposed  to  reach  1000  atmospheres,  and  the  bolides 
are  turned. and  twisted  in  every  direction  in  the  midst  of  this 
condensed  gas. 

In  the  latter  part  of  this  work  the  other  peculiar  physical 
characters  of  meteorites  are  considered :  the  black  veins,  the 
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marbled  atraotare  of  the  ooattog  of  aome  of  them,  and  alao  ike 
palvenilent  variety  of  meteorites,  or,  as  it  is  sometimeB  cdkd, 
meteoric  dost,  eta 

I  have  thus  giveti  a  statement  of  some  of  the  prominent  ftt- 
tnres  of  this  most  admirable  work  on  the  mineral  and  geologi- 
oal  stndy  of  meteorites,  embracing  not  merely  descriptions,  bat 
also  the  results  of  well'directed  ^q>eriment8,  and  comprebeD- 
sive  philosophical  conclusions.  We  hisiye  nothing  like  it  in 
oar  scientific  literatare ;  and  bei^s  the  result  of  the  labors  d 
so  distinguished  a  geologist  as  rrofessor  Danbr^  one  who 
has  devoted  much  thought  and  labor  to  the  subjects  of  which 
he  treats,  it  deserves  the  closest  study.  The  first  part  of  the 
work  I  have  not  referred  to,  for  it  has  been  made  known  to  at 
briefly  in  a  former  notice  in  this  Journal,  and  quite  fully  in 
Professor  Dana's  recent  edition  of  his  Manual  of  Geology,  which 
work  cites  many  of  the  facts  and  conclusions,  and  some  of  ito 
excellent  illustrations. 

In  the  preparation  of  both  parts  of  this  volume,  the  publisher 
has  done  his  part  most  thoroughly,  the  paper  and  typography 
beinff  such  as  are  rarely  equalled  in  scientinc  publications,  and 
the  illustrations  in  the  text,  which  are  very  numerous,  being  ct 
unusual  beauty.  The  work  is  one  that  should  find  its  way  to 
the  library  of  every  geologist 


Art.  LIIL — BastndsUe  aiid  Tysonite  from  Oohrado  ;  by  O.  D. 
Allen  and  W.  J.  Comstock.  (Contributions  from  the 
Laboratory  of  the  Sheffield  Scientific  School.     No.  LX.) 

The  material  for  the  investigation,  the  results  of  which  are 
here  given,  was  received  from  Messrs.  S.  T.  Tyson  and  H.  E. 
Wood,  to  whom  our  thanks  are  due. 

The  first  mineral  examined  was  found  by  careful  qualitative 
analysis  to  contain  only  the  metals  of  the  cerium  group,  fluorine 
and  carbonic  acid,  with  a  trace  of  iron.  Its  characters  are  as 
follows:  Hardness= 4-4*5.  Sp.gr.  =  5*18, 5*20.  Luster  vitreous 
to  resinous.  Color  reddish  brown.  Streak  light  vellowish 
gray.  Infusible.  Is  very  slightly  attacked  by  hydrochloric 
acid,  without  perceptible  evolution  of  carbonic  acid.  Stronc 
sulphuric  acid  dissolves  it  with  evolution  of  carbonic  and 
hyarofluoric  acids.  Strongly  heated  in  a  closed  tube  shows 
scarcely  a  trace  of  moisture.  The  direct  results  obtained  by 
analysis  are : 

Swedbh  bmstnlsite 
I.  II.  Mean.  by  NordenakiSld. 

0e,0,  40-88  41-21  4104)^.^^  2849  ),..„. 

(La,  Di),0,        34-96  34-66  34-76  f  '^  **"  46-77  f  '*  ^* 

OOs  20-09  20-20  20*15  19'60 


I. 

II. 

Mean. 

40-88 

41-21 

41-04 

34-96 

34-66 

34-76 

20-09 

20-20 

20-15 
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By  converting  a  known  weight  of  the  mixed  oxides  of  the 
mineral  into  anhydrous  normal  sulphates,  the  joint  atomic 
weight  of  the  metals  was  found  to  be  140'2.  If  from  the  car- 
bonic acid  obtained,  an  amount  of  the  bases  is  calculated  suffi- 
cient to  form  normal  carbonate,  the  remainder  of  the  bases 
calculated  as  metals  and  the  fluorine  estimated  by  difference, 
the  mean  becomes : 

Batio. 
(Ce,  La,  Di),Oi  =  6013  153 

Ce,  La,  Di         =  2182  166 

OOa  =  201 5  -468 

PI  =    7-90  -416 

10000 

R,0, :  R :  CO, :  Fl=l :  101 :  3  :  272, 

corresponding  to  the  formula 

R,F1.  +  2  R.(CO.). 

in  which  R=Ce,  La  and  Di.    If  the  atomic  weight  of  R=140'2, 
as  found  in  the  present  case,  the  formula  requires  : — 

(Ce,  La,  Di),0,  =  4994 
Ce,  La,  Di  =  2132 
CO,  =  200'7 
Fl         =  8-67 

10000 

This  mineral  corresponds  to  that  from  Sweden  described  by 
Hisinger*  under  the  name  of  Basiskfluorcerium.  It  was  later 
re-investigated  by  A.  E.  N'orden8kiold,f  who  first  ascertained 
its  correct  composition  and  called  it  hamartite.  Huot  had,  how- 
ever, previously  called  the  mineral  basinasitej  after  the  locality. 
Nordenskiold*8  analysis  is  given  above  for  comparison. 

Associated  with  bastndsite  occurs  a  mineral  which  proved  to 
be  an  anhydrous  normal  fluoride  of  cerium,  lanthanum  and 
didymium,  which  we  have  examined  with  the  following  results : 

H.  z=  4*5-5.  Specific  gravity  z=  6*14,  6*12. 

Luster  vitreous  to  resinous.  Color  pale  wax  yellow.  Streak 
nearly  whita  B.B.  blackens  but  does  not  fusa  In  closed 
tube  decrepitates,  the  color  changes  to  a  light  pink,  and  shows 
slight  traces  of  moisture.  Insoluble  in  hydrocnloric  and  nitric 
acids,  but  dissolves  in  concentrated  sulphuric  acid  with  evolu- 
tion of  hydrofluoric  acid.  Qualitative  examination  showed  only 
the  presence  of  fluorine  and  the  metals  of  the  cerium  group. 
Quantitative  analysis  gave  the  following  results  : 


I. 

U. 

Mean. 

Ratio. 

Ce 

=  40  16 

40-22 

4019 

'^H  I  -604 
-220|  J  °"* 

La,Di 

=  30-29 

30-46 

30-3lr 

Fl(diff.) 

=  29-66 

29-33 

2944 

l-64'7 

100-00  10000  100-00 


♦  CEl  Ak.  Stockh.,  1838,  p.  187.  f  ®f-  ^^'  Stockh.,  1868,  p.  399. 

J^  Barich*8  atomic  weight  (141*2)  for  cerium  was  used  for  calculations. 
^  A  known  weight  of  the  mixed  oxides  was  converted  into  anhydrous  normal  l 

phates,  care  being  taken  that  the  cerium  should  exiRt  wholly  as  oerous  sul-  j 
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Vjtom  which  is  obteiiied  ihe  raHo- 

B:Fls=l:8*or; 

The  fotmula  (Ge,  La,  Di^Fl,^  appears  thorefcMre  u>  eaqErai 
the  oompomtion  of  die  mineraL  Am  this  imnml  diflSns  esM- 
tlally  in  chraiical  ocHnporitioa  and  phTsieal  properties  from 
any  mineral  hitherto  described,  it  shoola  be  reffad&i  as  a  nev 
species.    We  propose  for  it  (he  name  T^rnnite. 

jt%e  j^rooeas  of  onalysiB  used  for  both  minerals  was  as  folloim: 
a  solntion  was  effected  bj  strong  sniphnric  add.  After  rraio?- 
ing  the  excess  of  sniphnric  acid  the  sulphates  were  dissolved 
in  water.  The  bases  were  precipitated  witn  ammonium  oxalate^ 
the  oxalates  i^ited  in  air  and  flnaily  in  hydrogen  in  order  to 
remove  the  slight  amount  of  oxygen  which  Bi,0,  takes  upon 
ignition  in  air.  The  cerium  in  the  mixed  oxides  was  deter- 
mined Tolumetrically  by  Bunsen's  method.  The  00,  was 
determined  by  i^ition  in  a  combustion  tube  with  lead  chromate 
mixed  with  a  little  Aised  potassium  di-chromate.  A  trial  of 
this  method  with  pure  calcium  carbonate  mixed  with  calmQm 
fluoride  gave  satismctory  resulta 

LocalUy  and  mode  of  occurrence. — ^The  material  first  faraisiisd 
to  us  by  Messrs.  Wood  and  Tyson  came  Jbx>m  a  locality  at  tbl 
time  unknown*  to  them,  and  consisted  of  a  few  grams  <d  tof^ 
ments  of  crystals  ol  bastnisite^  to  some  of  which  w«re  attaoM 
portions  of  the  tysonite,  readUy  distinguishable  by  its  lighter 
color  and  perceptible  cleavage,  which  is  wholly  lacking  in  the 
bastnasite.  Mr.  Tyson,  having  recently  succeeded  in  reaching 
the  locality,  which  is  near  Pike's  Peak,  has  just  placed  in  our 
hands  for  examination  all  the  specimens  which  he  could  obtain, 
about  a  dozen  crystals  and  fragments  of  crystals,  the  largest  of 
which  are  upwards  of  an  inch  in  diameter,  mostly  free  but  in 
some  cases  attached  to  feldspar. 

The  crystals  are  hexagonal  in  form,  the  only  planes  observed 
being  0, 1  and  i-2.  On  a  single  crystal  can  be  seen  the  remains 
of  pyramidal  planes,  but  so  rounded  by  abrasion  that  any 
measurements  would  be  useless.  The  crystals  are  prismatic  in 
habit,  the  smaller  ones  slender  and  somewhat  elongated,  the 
larger  ones  short  and  thick. 

These  specimens  show  an  interesting  relation  between  the 
fluoride  and  the  fluo-carbonate.  The  smaller  crystals  consist 
wholly  of  fluo-carbonate  ;  in  the  larger  crystals,  however, 
a  portion  occupying  the  interior,  about  equally  distant  from 
the  basal  planes,  usually  about  half  an  inch  from  them 
and  extending  nearly  to  the  lateral  planes,  consists  of  the 
fluoride.    The  thickness  of  this  band  varies  with  the  length 

phate.  The  weight  of  cerium  in  the  oxides  used  being  known  (and  its  state  of 
oxidation),  the  joint  atomic  weight  of  the  Lanthanum  and  didymium  may  be  caka- 
lated  from  the  mixed  sulphates  obtained.  Two  such  experiments  gave  the  num- 
bers 137*9  and  138*1,  the  mean  of  which  (138)  was  used  for  oaloulaliona. 
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he  crystals  from  a  few  lines  to  half  an  inch.  The  line 
iemarkation  between  it  and  the  fluo-carbonate  is  quite 
inct  This  mode  of  occurrence  of  the  two  compounds, 
ig  such  as  is  often  seen  in  crystals  which  have  undoubtedly 
ergone  partial  changes  of  composition,  leads  to  the  conclu- 
that  the  bastnasite  of  Colorado  was  formed  by  a  change  of 
loride  into  a  fluo-carbonate.  In  the  fluoride  a  distinct  but 
strongly  marked  cleavage  exists  parallel  to  the  basal  planes 
le  enclosing  fluo-carbonate.  In  the  latter  we  could  detect 
evidence  of  cleavage. 


?.  LIV. —  On  Argento-antimomous  lartraie  {Silver  Emetic)  \ 
y  JosiAH  P.  CoOKE.  (Contributions  from  the  Chemical 
aboratory  of  Harvard  College). 

.s  stated  by  us  in  our  paper  on  the  atomic  weight  of  anti- 
ly,*  this  compound  was  originally  obtained  by  Wallquist 
3recipitating  nitrate  of  silver  with  tartar  emetic,  and  was 
yzed  both  by  him  and  by  Dumas  and  Piria,  These  chem- 
obtained  respectively  27*81  and  28'05  per  cent  of  oxide  of 
er.  They  appear  however  to  have  prepared  the  substance 
r  in  an  amorphous  form.  As  stated  m  the  paper  just  cited, 
5rst  noticed  the  formation  of  crystals  of  the  compound  in  a 
3entrated  solution  of  antimonions  chloride  and  tartaric  acid, 
rhich  had  been  added  an  excess  of  argentic  nitrate,  and 
1  the  circumstances  of  their  formation  we  were  led  to  form 
mewhat  erroneous  inference  in  regard  to  their  relation  to 
sr.  We  find  that  the  substance  is  far  more  soluble  in  this 
ent  than  at  first  appeared.  We  have  found  from  further 
jstigation  that  one  part  of  silver  emetic  dissolves  completely 
ne  hundred  parts  of  boiling  and  in  somewhat  less  than  five 
dred  parts  of  water  at  15°  C.  In  one  determination  made 
3vaporation,  a  saturated  solution,  which  had  stood  a  long 
3  at  a  temperature  of  15°,  we  found  that  1000  parts  of  water 
dissolved  2'76  parts  and  in  another  2*68  parts  of  the  salt, 
re  is  obviously  therefore  no  danger  of  the  formation  of  this 
luct  in  the  precipitation  of  chlorine,  bromine  or  iodine  from 
itions  of  the  antimony  compounds  of  these  elements  in 
aric  acid,  unless  the  excess  of  silver  nitrate  is  larger  and 
solutions  concentrated  ;  and  although  we  have  most  Care- 
ys looked  for  it  in  the  precipitate  we  have  never  discovered 
xcept  under  the  peculiar  conditions  described  in  our  former 
er,  and  our  fear  that  it  might  be  occluded  by  these  precip- 
?s  was  wholly  unfounded, 
i  is  evident  from  the  above  experiments  that  the  solubility 

*  This  Journal,  p.  382. 
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of  silver  emetic  io  water  like  that  of  cream  of  tartar  and  other 
salts  of  tartaric  acid  is  very  greatly  increased  by  heat,  and  we 
were  easily  able  to  obtain  good  crystals  of  tbe  compound  in 
large  quantities  by  dissolving  the  precipitate,  obtained  u 
Wallquist  describes,  in  boiling  water,  and  allowing  the  solution 
to  cool.  The  crystals  are  colorless  and  have  a  very  brillisDt, 
almost  an  adamantine,  luster. 

From  the  reaction  by  which  silver  emetic  is  formed  w* 
should  infer  that  the  composition  of  tbe  salt  would  be  ex- 
pressed by  the  symbol 

Ag,SbO,H,  =  O.  =  (C.H,0,)  .  H.O. 
This  compound  would  theoretically  contain  26'S4  p.  c.  of  mlver, 
and)  as  a  mean  of  three  analyses,  we  obtained  for  the  amoont 
of  silver  in  the  crystals  26S0  per  cent,  as  previously  stated. 

The  crystals  of  silver  emetic  rapidly  blacken  in  the  light  and 
are  very  easily  decomposed  by  heat.  This  decomposition  take* 
place  at  about  200°  C.  with  a  slight  explosion.  A  very  fine 
out  of  the  crucible  and  a  residue  is  left 
behind,  which  under  the  microscope  is 
seen  to  consist  of  spangles  of  metallic 
silver  mixed  with  an  amorphous  powder. 
Almost  the  whole  of  the  powder  dissolved 
easily  in  a  solution  of  tartaric  acid,  and 
it  evidently  consisted  of  Sb,0,.  In  one 
experiment  we  weighed  the  silver  emetic 
and  the  product,  and  found  that  O'8460 

tram,  of  the  salt  left  0'5304  gram,  of  resi- 
ue.  If  the  residue  consisted  solely  of 
silver  and  Sb,0„  theory  would  require 
05200  grama,  and  it  can  be  seen  from  this 
how  perfect  the  decomposition  was.  It 
is  obvious  therefore  that  were  this  compound  occluded  as  we 
at  first  feared,  it  would  have  made  itself  evident  on  drying  the 
precipitates. 

Mr.  W.  H.  Melville,  assistant  in  this  laboratory,  has  made 
the  following  orystallograpbic  measurements  of   the  crystals 
whose  formation  and  reactions  we  have  described. 
Angles  between  normah. 


carbon  dust  ia  blow 


(111)  A  (100) 
(111)  A  (in) 

70" 

70° 

1-386  : 

iH' 

17' 
0-671 

I. 

Ifeasund. 

Ill  A  no  54°     61'  M"     64' 

The  pinacoid  planes  were  irregular  and  the  angles  can  only 
be  r^arded  as  approximate. 
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System  Trlmetrlc  with  hemihedrftl  habit. 

Observed  planes  +  ><   1^1    MOO  |    |  110  |    |  Oil  |  ? 

In  the  following  table  the  crystallographic  ratios  are  com- 
red  with  those  of  the  acid  tartrates  of  rubidium,  csesium  and 
tassium,  formerly  measured  by  us,  and  which  have  the  same 
neral  form  and  hemihedral  habit. 

Vertical.  Macro.  Brachy. 

Acid  tartrate  of  caesium  0*661  1  0*694 

Acid  tartrate  of  rubidium       0*695  1  0*726 

Acid  tartrate  of  potassium     0*737  1  0*711 

Silver  emetic  0*412  1  0*721 


RT.  LV. — The  Sternum  in  Dinosaurian  Reptiles;  by  Professor 
0.  C.  Marsh.     (With  plate  XVni). 

The  presence  of  a  sternum  in  Dinosaurs  has  long  been  in 
>ubt,  as  hitherto  this  element  has  not  been  found  in  position, 
identified  with  certainty  among  the  known  remains  of  the 
oup.  The  evidence  in  iavor  of  an  ossified  sternum  in  these 
ptiles  rests  mainly  on  a  single  bone,  found,  in  the  Jurassic  of 
igland,  with  the  remains  of  Ceteosaurusj  and  described  by 
lillipa*  Owen  subsequently  accepted  this  determination, 
d  reproduced  the  original  figure  of  this  supposed  sternum.'f 
few  other  specimens  have  been  referred,  with  doubt,  to  the 
5rnum  of  Dinosaurs,  but  apparently  without  any  particular 
ison  for  the  referenca 

The  Yale  Museum  has  recently  received  a  nearly  com- 
3te  skeleton  of  Brontosaurus  excelsus,  one  of  the  largest 
lown  Dinosaurs.  This  huge  skeleton  lav  nearly  in  the  posi- 
►n  in  which  the  bones  would  naturally  fall  after  death,  and 
•tunately  the  entire  scapular  arch  was  in  excellent  preserva- 
m.  The  coracoids  were  in  apposition  with  their  respective 
ipulae  on  each  side,  and  between  them  lay  two  flat  bones, 
at  clearly  belong  to  the  sternum.  This  discovery,  as  inter- 
ting  as  it  was  unexpected,  removes  the  main  uncertainty 
out  the  scapular  arch  of  Dinosaurs,  and  likewise  indicates  a 
w  stage  in  the  development  of  this  structure,  not  before  seen 
adult  animals. 

These  two  sternal  bones  are  suboval  in  outline,  concave 
ove,  and  convex  below.  They  are  parial,  and  in  position 
arly  or  quite  joined  each  other  on  the  median  line.  The 
terior  end  of  each  bone  is  considerably  thickened,  and  there 
a  distinct  facet  for  union  with  the  coracoid.  The  posterior 
d  is  thin,  and  irregular.     These  bones  are  shown  in  position 

*  Geology  of  Oxford,  p.  268,  1811. 

f  FaJfiBOXitographical  Society,  p.  31,  1816. 
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OD  Plate  XV ill,  flgare  1,  and  one  of  them  is  more  fully  illus- 
trated in  figure  2.  The  iauer  anterior  margin  of  each  bone  is 
gmootb  and  rounded,  and  gives  no  evidence  of  union  with  ao 
opistemal  element,  which  the  vacancy  there  suggests.  Tbe 
amount  of  cartilage  between  these  two  sternal  bones,  orpoe- 
terior  to  them,  is  not  indicated  by  the  present  specimens.  Thc^ 
were  evidently  eeparated  by  cartilage  from  the  coracoids. 

The  Dearest  analogy  among  living  forms  to  this  doable  ste^ 
DOm  may  perhaps  be  found  in  immatare  birds.  A  dose  resem- 
blance is  apparent  in  the  scapular  arch  of  the  yoang  American 
Ostrich,  represented  on  the  same  plate,  figure  S.  If  the  ossifica- 
tion of  the  sternum  were  permanently  arrested  at  this  sliige,  it 
would  afford  almost  precisely  the  structure  seen  in  the  genus 
Brontoaaurus ;  and  this  is  evidently  the  true  explanation  of  tbe 
fossil  specimens  here  figured. 

It  is  more  than  probable  that,  in  many  Dinosaurs,  the  ster- 
num long  reraaiued  cartilaginous,  or  so  imperfectly  soIidiGed 
that  it  is  not  usually  preserved.  Several  specimens  of  the 
genus  Camplonotua,  found  nearly  in  their  natural  poaition,  were 
apparently  destitute  of  an  ossified  sternum.  Tlie  large  size, 
«nd  doubtless  great  age,  of  tbe  specimen  of  Bronloaaurm 
above  mentioned  may  perhaps  have  been  the  cause  of  its 
more  perfectly  developed  ateruum. 
Tile  College,  Naw  Havoii,  AprO  11, 1880. 


Aet.  LVI.— On  the  SouOtem  Gomet  of  FtbruaTy,  1880 ,-  by 
B.  A.  QOHLD. 

On  the  evening  of  February  2nd,  before  the  twilight  was 
fully  past,  my  attention  was  drawn  to  a  remarkable  streak  of 
light  in  the  southwest,  which  extended  through  about  18",  at 
an  angle  not  much  inclined  to  the  vertical.  Its  lower  ex- 
tremity was  perhaps  20°  above  the  horizon,  and  the  brightness 
was  in  no  part  much,  if  indeed  any,  greater  than  that  of  a  star 
of  the  b\  magnitude.  It  seemed  to  taper  in  both  directions, 
fading  away  at  each  extremity,  and  to  oe  between  V  and  2 
wide  in  the  middle.  A  moment's  reflection  assured  me  that 
what  I  saw  must  be  part  of  tbe  tail  of  a  comet,  the  lower  por- 
tion being  obscured  by  hnze  and  its  nucleus  being  below  the 
horizon,  which  was  concealed  by  a  bank  of  clouds.  No  time 
was  lost  in  preparing  for  an  accurate  drawing  of  its  position, 
but  the  mist  and  clouds  obscured  it  completely  within  a  very 
few  minutes,  before  any  delineation  could  be  made.  Messrs. 
W.  G.  Davis  and  C.  W.  Stevens  did,  however,  plot  from 
memory  upon  the  index-map  of  the  Uranometry  a  sketch  of  its  . 
poaitioD  and  fomi,  which  seemed  correct  to  beta. 
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iDQuiries  the  next  morning  showed  that  the  same  phenom- 
enon nad  been  observed  on  the  evening  of  February  Ist,  by  sev- 
eral persons,  and  one  assured  me  that  he  had  noticed  it  on  the 
evening  of  Saturday,  January  31st  All  had  supposed  it  to  be 
coDnected  in  some  way  with  the  burning  of  grass  or  bushes, 
an  occurrence  which  is  here  so  frequent  as  to  attract  little 
attention,  but  which  caused  me  useless  labor  and  inquiry  on 
more  than  one  occasion  during  the  first  year  of  my  residence 
in  this  country. 

In  the  evening  the  ray  or  streak  was  about  80°  long,  and  a 
little  brighter  than  on  the  previous  night,  and  it  had  moved 
laterally  northward.  Still,  a  careful  search,  beginning  immedi- 
ately after  sunset,  failed  to  discover  the  head,  or  indeed  any 
increase  of  brightness  in  the  vicinity  of  the  horizon,  although 
the  direction  oi  the  tail  seemed  toward  the  position  of  the  sun. 
Careful  drawings  were  independently  made,  on  this  and  each 
subsequent  evening  during  its  visibility,  by  Mrs.  Gould  and 
Mr.  C.  W.  Stevens ;  the  maps  Nos.  2  and  8  of  the  Uranometry 
aftbrding  an  excellent  means  for  very  minute  delineation. 

On  the  4th  I  saw  the  head  for  a  few  moments  in  the  twilight 
It  scarcely  seemed  brighter  than  Encke's  comet  appeared  under 
similar  circumstances  at  its  last  perihelion ;  but  it  was  much 
larger  and  had  a  coarse  and  undefined  aspect  No  nucleus 
was  visible.  There  was  no  opportunity  to  discover  any  com- 
parison-star, before  it  was  lost  in  the  mists  of  the  horizon  ;  but 
a  rough  position  was  obtained  by  means  of  the  setting  circles 
of  the  equatorial.  This  gave,  for  5**  27°*  56'  of  Cordoba  sidereal 
time,  RA.  22»»  24°*  10',  DecL  -81°  29'-l.  The  altitude  of  the 
comet  having  been  less  than  2°  42',  no  great  reliance  can  be 
placed  on  this  determination,  which  was  moreover  crude  in 
other  respects. 

On  February  5th,  I  obtained  tolerably  good  comparisons  with 
an  undetermined  star,  the  approximate  position  of  which  is 
22^41°*  40»,  -32°  27'  for  the  mean  equinox  of  18800;  and 
from  that  date  to  February  19th,  there  were  but  two  evenings 
on  which  observations  were  not  secured,  the  sky  having  been 
especially  propitious  during  that  period.  The  tail,  which  I 
think  was  brightest  February  6th  or  7th,  although  then  not 
more  brilliant  than  the  Milky  Way  in  Taurus,  maintained  its 
inordinate  length  of  from  36°  to  40°  until  it  faded  from  view, 
which  took  place  only  five  days  before  the  head  became 
invisible  in  the  llj  inch  equatorial.  Indeed  it  was  with  the 
greatest  difficulty  that  I  was  able  to  observe  it  on  the  19th, 
when  it  was  only  to  be  recognized  as  a  slight  whiteness  in  the 
field,  unnoticeable  without  special  attention.  No  nucleus  was 
visible  at  any  time  during  the  whole  duration  of  its  visibility, 
nor  was  there  any  definite  form  or  even  perceptible  outline  to 
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the  beady  excepting  on  one  or  two  nigbts  at  the  beginmng  of 
the  series  of  observationa  It  then  exhibited  an  elongated 
form,  somewhat  rounded  at  its  anterior  maigin,  and  abadiqg 
away  to  form  the  tail,  which  was  bat  little  inferior  in  bright- 
ness, and  seemed  lost  irom  view  in  the  telescope  in  conaeqnenoe 
of  its  lateral  expansion  almost  as  much  as  bj  any  defect  of  its 
total  light  On  the  20th,  the  comet  coold  not  be  detected  in 
the  telescope,  although  my  ephemeris  was  so  aocorate  as  to 
leave  no  doubt  concerning  its  position  in  the  field. 

The  positions  of  the  compansonHatars  employed  on  the  7th, 
8th  and  11th  cannot  be  sharply  determined  for  seyend  montha 
The  observations  on  other  days  give  the  following  resallB 
which  are  uncorrected  for  pamllax,  or  aberration. 


Cordoba  M.  T. 

RA. 

DeeL 

h  m  ■ 

k  B   ■ 

•  «  t» 

1880,  Feb.  6, 

8  37  66*3 

22  68  32-9 

-32  66  66*0 

9, 

8  47  37-8 

28  60  61*4 

33  46  41-T 

1». 

8  23  40*8 

0  39  61*0 

S3  6  16*3 

14. 

8  U  49-8 

1  9  21*8 

32  2  48-0 

16, 

8  27  38-9 

•  1  22  68*1 

31  23  19-1 

17. 

H  37  61-8 

1  47  43  9 

29  64  32*6 

18, 

8  34  4*6 

1  68  66-2 

29  7  128 

19. 

9  0  26*8 

2  9  34*4 

-28  17  44-8 

The  excessive  length  of  the  narrow  tail,  its  lack  of  eradation 
in  brilliancy,  and  the  relative  &intne8S  of  the  head,  formed 

very  notable  characteristics.  But,  to  my  astonishment,  on 
computing  a  parabola  from  the  observations  of  February  6th, 
9th  and  12  th,  I  found  reproduced  the  orbit  of  the  Great  Comet  of 
1843.  The  almost  incredibly  small  perihelion  distance  suggests 
in  each  case  the  origin  of  the  huge  tail ;  but  the  other  elements 
were  almost  equally  similar.  A  second  orbit,  from  observa- 
tions embracing  the  twelve  days'  interval  from  February  6th 
to  18th,  proved  equally  similar  to  the  orbit  resulting  from 
Hubbard's  unsurpassed  discussion  of  the  Comet  of  1843;  and 
leaves  no  doubt  whatever  in  my  mind  as  to  the  identity  of  the 
two  bodies,  notwithstanding  that  an  ellipse  of  532  years  was 
found  to  afford  the  best  representation  of  the  series  of  observa- 
tions in  1843  as  a  whole.  The  elements  now  obtained  are 
these:  which  are  expressed  in  Washington  mean  time,  and 
referred  to  the  mean  equinox  of  1880*0. 


T 

1880,  Jan.  27d-40479 

Q 

6"  10'  29"-6 

u 

86°  18'  IS'O 

m 

t 

144'  39'  38''-8 

logq 

7-7393644 

This  result  leads,  however,  to  a  yet  more  remarkable  infe^ 
ence.  At  the  time  of  apparition  of  the  Comet  of  1843,  its 
identity  with  that  of  1668  was  very  generally  discussed  and 
creditea.     Only  the  circumstance  that  Hubbard  found  the  total 
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series  of  observations  to  be  more  satisfactorily  represented  by  an 
ellipse  of  much  longer  period  served  to  weaken  this  belief  to 
any  extent  Nevertneless  Hubbard  showed  that  the  corres- 
ponding diminution  of  the  major  axis  was  compatible  with  a 
probable  error  of  only  itll''*32  for  a  single  observation,  in 
place  of  db8'''44  to  which  this  value  would  be  reduced  by  the 
adoption  of  his  final  elements.  The  similarity  of  the  comet's 
appearance  to  that  of  1702  also  attracted  attention.  The  orbit 
calculated  for  that  comet  by  Struyck  in  Amsterdam  bears  no 
similarity  to  the  well-determined  one  of  the  comet  of  1668; 
but  Cassini,  who  observed  the  former,  believed  the  two  to  be 
identical.  The  same  opinion  was  maintained  by  Cooper  in 
1843.  The  tail  in  1702  was  40®  long,  and  its  path  was  chiefly 
in  the  southern  hemisphere,  both  which  facts  favor  the  sup- 
position of  identity.  Nevertheless,  while  a  computation  by 
l^etersen,  using  for  1702  the  orbit  of  the  Comet  of  1843, 
showed  that  the  roughly  given  geocentric  path  might  thus  be 
somewhat  roughly  represented,  Schumacher  considered  that 
the  resultant  places  were  compatible  neither  with  the  position 
of  the  tail  March  2,  1702,  as  described  by  Maraldi,  nor  with 
the  observation  of  the  ship-captain  Brouwer,  cited  by  Struyck. 
The  interval  between  the  perihelion-passages  of  1668  and 
1702  differs  from  34  years  by  only  a  few  days ;  that  between 
those  of  1843  and  1880  is  but  a  month  less  than  37  yeara  If 
these  three  apparitions  belong,  as  I  am  convinced,  to  one  and 
the  same  comet,  we  have  the  singular  phenomenon  of  a  rapidly 
increasing  period,  for  the  interval  from  the  perihelion  of  1702 
to  that  of  1843  is  just  141  years,  which  gives  35J  years  for  the 
average  length  of  the  four  intermediate  periods.  The  assump- 
tions that  the  increase  of  the  period  has  been  systematic  and 
that  no  other  important  perturbations  have  affected  the  times 
of  perihelion-passage  give  for  the  successive  returns  to  peri- 
helion the  following  dates : — 

1702  Feb.  23.      1711  June  6.       1843  Feb.  27. 
1736  July  12.       1806  Dec.  12.       1880  Jan.  27. 

The  second  Comet  of  1806  appears  to  have  passed  its  peri- 
helion on  December  28th  of  that  year.  The  latest  determina- 
tion of  its  orbit  is  that  by  Hensel  in  1862,  the  resulting 
inclination  being  essentially  the  same  as  that  of  the  present 
comet  His  other  elements,  however,  are  completely  discor- 
dant, the  form  of  the  orbit  being  hyperbolic  and  the  perihelion- 
distance  large.  It  remains  to  be  seen  whether  the  observations 
could  be  represented  by  an  orbit  of  different  form  and  dimen- 
sions. There  are  other  recorded  apparitions  which  seem  likely 
to  have  been  returns  of  the  same  comet,  such  as  those  of  the 
years  1533,  1468,  and  perhaps  1264 ;  but  I  have  not  here  the 
means  of  forming  auy  careful  opinion. 
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It  might  perhaps  be  supposed  that  no  appearance  of  so 
impressive  an  object  during  the  last  two  or  three  centuries 
could  have  failed  to  be  recorded ;  but  it  does  not  seem  so  to 
me  in  the  case  of  a  comet  whose  orbit  lies  almost  exclusively 
to  the  south  of  the  ecliptic,  so  that  it  would  in  all  probability 
be  noticed  in  our  nortnern  hemisphere  only  in  the  northern 
winter. 

The  wonderfully  small,  and  apparently  diminishing  peri- 
helion-distance affords  an  explanation  of  the  increasing  period; 
for,  according  to  the  present  elements,  this  distance  is  bat 
OOC^iO,  while  the  sun's  own  radius  is  OOOieC.  It  seems  im- 
possible that  one  side  of  the  coma  should  not  suffer  actual 
friction  against  the  body  of  the  sun,  to  say  nothing  of  its 
traversing  the  densest  portion  of  his  atmosphere  through  a  full 
semi-circumference.  The  mechanical  resistance  thus  interposed 
must  have  acted  to  diminish  the  perihelion-distance;  and  we 
find  this  accordinglv  to  have  been  0005688  after  the  passage 
of  1848,  and  0-005487  after  that  of  1880.  Yet,  while  this 
resistance  and  the  lateral  friction  must  during  their  continuance 
be  causing  a  diminution  of  the  radius- vector,  it  would  appear 
that  they  have  not  diminished,  but,  on  the  contrary,  increstsed, 
the  major  axis.  This  is  a  delicate  and  in  some  respects  a 
difficult  question ;  and  since  I  have  at  present  neither  the 
requisite  time  nor  books  of  reference  at  my  disposal,  I  will  not 
here  enter  into  any  of  its  details,  but  will  confine  myself  to 
the  statement  that  so  far  as  I  am  able  to  form  an  opinion,  the 
observed  facts  do  not  appear  to  conflict  with  theory. 

A  most  interesting  question  arises  regarding  the  densest 
portion  of  the  tail.  There  is  no  reason  to  doubt  that  this 
pointed  southward  before  the  perihelion,  as  it  did  afterward. 
Now  the  comet's  center  of  gravity  passed  from  one  side  to  the 
other  of  the  sun,  describing  an  arc  of  180°  in  true  anomaly  iu 
about  2^  8™  ;  and  indeed  described  141°  42'  in  a  single  hour. 
If  the  tail  in  general  consisted  of  the  same  particles  before  as 
after  the  hour  of  perihelion,  it  must  have  been  actually  severed 
by  tlie  body  of  the  sun,  surrendering  of  course  a  considerable 
amount  of  its  material. 

In  conclusion,  I  append  the  dimensions  and  position  of  the 
tail  for  each  night  of  its  visibility,  given  by  means  of  the 
declinations  of  the  intersection  of  its  axis  with  the  principal 
meridians  upon  the  chart,  and  the  width  at  these  points  of  inter- 
section. They  are  derived  from  the  drawings  of  Mr.  Stevens, 
and  confirmed  by  the  absolutely  independent  and  accordant 
ones  of  Mi's.  Gould.  The  positions  of  the  head  are  as  measured 
from  these  drawings,  made  upon  map  2  of  the  Uranometria 
Argentina,  without  any  reference  to  the  ephemeris ;  but  the 
ephemeris  from  the  elements  already  given  accompanies  them. 
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The  observed  length  of  the  tail  depended,  to  a  considerable 
degree,  upon  the  clearness  of  the  nignt. 
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Cordoba,  March  3,  1880. 

SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  PHYSica 

1.  On  the  Formation  of  Ozone  by  the  Slow  oxidation  of 
Phosphorus, — Some  doubts  having  been  expressed  as  to  the 
actual  production  of  ozone  by  the  slow  oxidation  of  phosphoras, 
McLeod  has  made  a  series  of  qualitative  experiments  to  ascer- 
tain whether  it  is  so  produced  or  whether  hydroxy!  is  the  pro- 
duct. Oxygen  ozonized  by  the  spark  in  a  Siemens  tube  was 
passed  through  a  IJ  tube  containing  solutions  of  sodium  carbon- 
ate, of  potassium  dichromate  and  sulphuric  acid,  and  of  potas- 
sium permanganate.  The  ozone  passed  readily  through  these 
tubes  even  when  surrounded  by  boiling  water.  Hydroxy!,  on 
the  other  hand,  is  readily  decomposed  by  sodium  carbonate,  espe- 
cially at  1 00°,  transforms  chromic  into  perchromic  add  and  evolves 
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QjLJgen  with  permanganate.  The  air  in  which  phosphorus  was 
bIo^y  oxidizing  was  then  passed  through  the  same  U  tube,  and 
then  into  a  solution  of  potassium  iodide  and  starch.  This  solu- 
tion became  blue  in  all  cases,  when  the  U  tube  was  cold  as  when 
it  was  heated  to  100^.  The  addition  of  a  second  tube  containing 
pumice  saturated  with  sodium  carbonate  did  not  alter  the  result. 
To  test  the  effect  of  heat,  an  apparatus  was  used  consisting  of  a 
large  U  tube  containing  pumice  and  sulphuric  acid,  a  narrow  IJ 
tube,  which  could  be  placed  in  a  test  tube,  a  weighed  tube  con- 
taining pumice  and  sulphuric  acid  and  a  flask  with  potassium 
iodide  and  starch  solution,  acidified.     From  one  to  five  liters  of 

fas  were  drawn  through  the  tubes  very  slowly,  the  narrow  tube 
eing  cold,  plunged  in  boiling  water  or  in  a  paraffin  bath  at  150^ 
to  200°.  The  second  U  tube  was  weighed  after  eaclj  experiment, 
and  the  starch  solution  was  decolorized  by  a  deci-normal  solution 
of  sodium  thiosulphate.  The  maximum  increase  in  weight  in 
twenty-four  experiments  was  '0035  gram,  in  an  experiment  at  ordi- 
nary temperatures,  the  decolorization  requiring  3*65  c.c.  of  the  thio- 
sulphate. At  200°  the  sulphuric  acid  increased  in  weight  '0006 
gram,  the  decolorizing  solution  used  being  1*8  c.c.  Since  one 
CO.  of  this  solution  corresponds  to  '017  gram  hydroxyl,  which 
would  yield  on  decomposition  by  heat  '009  gram  water,  and  at  200° 
at  least  half  the  hydroxyl  would  be  destroyed,  an  increase  of  '016 
gram  instead  of  '0006  ^ram  might  have  been  expected  had 
hydroxyl  been  present.  Moreover,  contact  with  strong  sulphuric 
acid  did  not  render  the  gas  inactive.  Hence  the  author's  conclu- 
sion that  the  gas  formed  during  the  slow  oxidation  of  phosphorus 
is  actually  ozone. — J.  Chem,  Soc,^  xxxvii,  118,  Feb.,  1880. 

G.  F.  B. 

2.  Explosion  of  a  Platinum  Alembic  used  for  concentrating 
Sulphuric  acid, — Kuhlmann  (fils)  has  communicated  to  the 
Chemical  Society  of  Paris  the  particulars  of  the  explosion  of  a 
platinum  still  used  in  his  factory  at  Lille,  for  concentrating  sul- 
phuric acid.  The  still  was  90  centimeters  in  diameter,  and  could 
concentrate  6  to  7000  kilograms  of  acid  in  twenty-four  hours. 
The  explosion  scattered  the  fragments  of  it  to  a  distance  of 
twenty  or  thirty  meters,  tearing  both  the  body  and  the  head  of 
the  still  in  pieces,  and  throwing  the  bricks  of  the  furnace  violently 
about.  Happily  a  slight  hissing  one  or  two  seconds  before,  gave 
warning  to  the  workmen  who  left  the  vicinity  and  escaped  a  terri- 
ble fate.  The  cause  of  the  explosion  seems  to  be  as  follows : 
The  acid  had  nearly  all  been  withdrawn  from  the  still,  a  layer  five 
centimeters  deep,  thirty  or  forty  kilograms,  being  left  in  the 
bottom.  Upon  this  water  had  been  run  by  means  of  the  syphon, 
and  the  whole  had  been  heated  slowly  for  several  hours  in  order 
to  clean  the  apparatus.  It  would  appear  that  the  acid  and  water 
did  not  combine  at  once,  but  that  union  took  place  subsequently 
at  an  elevated  temperature  and  very  rapidly,  giving  rise  to  a 
large  production  of  heat.  According  to  data  given  by  Favre  and 
Silbermann  and  others,  one  kilogram  of  acid  added  to  a  suitable 
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quantity  of  water,  evolves  148  caloriea  Coniemiently  the  fbitf 
nlogramt  of  acid  would  have  evolved  heat  enongh  to  ffive  riaeli 
an  instantaneoiui  prodnotion  of  eighteen  or  twenty  onbic  meten  ef 
vapor ;  a  quantity  quite  safficient  to  bant  a  platinmn  voaiol  of  M 
liters  capacity  whose  walls  were  only  two  or  three  millimetastUdL 
The  experiment  had  been  repeated  by  the  aathor  aercnal  timc^ 
using  glass  vessels.  Hie  explosion  slways  took  place  with  vio- 
lence provided  the  water  was  at  least  ten  molecules  for  ea  A  om 
of  the  add.  Pfaundler,  using  a  considerable  quantity  of  the  ma- 
terials, in  the  ratio  of  one  molecule  of  add  and  120  of  vratcr,  his 
obtained  an  evolution  of  181  calories.  The  experiments  wsis 
made,  however,  at  18%  and  the  author  is  examining  Ae  prodootioa 
of  heat  when  Uie  mixture  takes  place  at  higher  tempentmea-* 
BuU.  8oc  CA.,  n,  xxxiii,  50,  Jan.  1880.  q,w.k 

Z.  On  the  jSfyiiioaUnce  of  Boron. — ^In  an  inveatigation  6S  tfai 
phenyl  derivatives  of  the  nitrogen  serieS|  llichaelis  bad  shows 
that  the  free  equivalence  of  a  chloride  appears  distiDctly  if  a 
phenvl  {^roup  replaces  chlorina  Thus  ^osphcwooa  ohmridi^ 
which  unites  difficultly  with  bromine,  combines  eadly  if  an  atiM 
of  phenyl  replaces  one  of  chlorine.  So  monophenjlarseDOM 
diloride  takes  up  chlorine  readily,  whUe  arsenous  ohloride  does  not 
combine  with  it.  In  connection  with  Bsgksb,  Hiobaxub  hM 
now  studied  monophenjl-boron  diloride,  hoping  to  obtain  tki 
same  result^  and  to  obtam  a  chloride  in  which  boron  is  a  pentadi 
By  the  action  of  boron  chloride  upon  meroury-diphenyl,  in  scaled 
tubes  at  a  temperature  of  1 80^  to  200^,  monophenylboron  chloride 
is  obtained  as  a  colorless  liquid,  easily  becoming  reddish,  boiling 
at  175**,  and  solidifying  at  0°.  When  this  is  placed  in  a  freezing 
mixture  and  chlorine  passed  over  it,  it  is  absorbed  and  the  mass 
liquefies.  In  the  experiment  the  increase  of  weight  was  noted ; 
and  it  was  found  that  3*9  erams  had  absorbed  1*3  grams  of  chlo- 
rine, theory  requiring  for  the  two  atoms  of  chlorine  absorbed,  1*7 
grams.  The  authors  think  that  these  results  render  probable  the 
existence  of  a  phenyl-boron  tetrachloride  C.H^BCl^  which  breaks 
up  easily  into  boron  chloride  and  monochlorbenzene.  Conceding 
this,  boron  is  quinquivalent. — Ber,  Berl,  Chem.  Ges.^  xiii,  68,  Jan., 
1880.  o.  P.  BL 

4.  On  the  Direct  Union  of  Cyanogen  and  Hydrogen. — Bbb- 
THELOT  has  succeeded  in  causing  cyanogen  to  unite  directly  with 
hydrogen  under  the  influence  of  heat.  The  pure  and  dry  gases, 
mixed  in  equal  volumes  and  passed  slowly  through  a  narrow  tube 
heated  to  500® — 550°,  combined  to  an  extent  of  two  or  three  per 
cent.  But  if  the  action  be  prolonged,  the  mixture  being  con- 
tained in  a  sealed  tube  and  heated  to  the  above  temperature  for 
several  hours,  the  two  combine  in  equal  volumes  forming  hydro- 
gen cyanide  free  from  cyanogen,  only  one-seventh  of  which  10 
transformed  into  paracyanogen.  The  phenomenon  differs  from 
the  synthesis  of  hydrogen  chloride  only  in  its  greater  slowness 
and  the  more  elevated  temperature  required,  which  is  that  at 
which  hydrogen  unites  directly  with  oxygen,  with  ethylene,  eta 
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K  the  temperature  be  lower,  there  is  an  excess  of  uncombined 
hydrogen ;  if  it  be  very  high,  free  nitrogen  is  produced.  The 
hydrogen  cyanide  formed,  however,  remains  intact.  Experiments 
were  then  made  with  the  metals,  and  it  was  found  that  cyanogen 
unites  directly  with  them.  At  300°  zinc,  cadmium  and  iron 
form  cyanides  of  these  metals.  Zinc  is  attacked  even  in  the  cold 
after  several  days  ;  at  100°  in  three  or  four  hours.  Copper  and 
lead  yield  a  trace  of  cyanide  at  500°  to  550°.  Silver  and  mercury 
do  not  combine  directly  with  cyanogen  at  any  temperature ; 
probably  because  the  temperature  of  the  reaction  is  also  the  tem- 
perature of  decomposition. — BuU.    Soc,   Ch,^  IT,  xxxiii,  2,  Jan., 

1880.  G.  F.  B. 

6.  On  Cellulose  and  its  Nitro  derivatives. — Eder  has  made  an 
extended  examination  of  the  nitro-derivatives  of  cellulose  with  a 
view  to  determine  whether  they  are  compound  ethers  of  nitric 
acid  or  are  nitro-substitution  products.  He  gives  the  following 
reasons  for  the  former  view:  (1)  Alkalies  withdraw  variable 
quantities  of  nitryl  forming  nitrates  ;  (2)  Sulphuric  acid  even  in 
the  cold,  expels  all  the  nitryl  in  the  form  of  nitric  acid,  a  sulpho- 
ether  resulting ;  (8)  Toward  ferrous  sulphate  and  chloride,  these 
derivatives  act  in  the  same  way  as  nitrates;  (4)  By  treating 
them  with  sulphuric  acid  over  mercury,  they  act  like  nitrates,  all 
the  nitrogen  oeing  evolved  as  nitrogen  dioxide ;  (6)  Reducing 
agents  as  potassium  sulphydrate,  sodium  stannite,  ferrous  acetate, 
etc.,  convert  them  into  ordinary  cellulose.  Hence  the  pyroxylins 
are  nitrates  of  cellulose  and  have  the  general  formula  C  H^^_,Oj^_ 
(O.  NO  J,,  the  formula  of  cellulose  being  C,,H,^0.  The  author 
has  also  examined  the  definite  compounds  formed  by  the  action  of 
nitric  acid  on  cellulose.  Wlien  the  perfectly  dry  cotton  is  placed 
in  a  cooled  mixture  of  three  volumes  pure  concentrated  sulphuric 
acid  (1'845)  and  one  volume  nitric  acid  (1'6)  for  twenty-four 
hours,  and  after  washing  and  drying,  is  treated  with  a  mixture  of 
three  parts  of  ether  and  one  part  of  alcohol  until  everything 
soluble  is  removed,  there  is  left  a  compound  having  the  compo- 
sition of  cellulose  hexanitrate,  and  yielding  about  14  per  cent  of 
nitrogen.  By  using  less  concentrated  acids,  definite  compounds 
were  obtained  containing  less  nitryl ;  the  pentanitrate  giving 
12*57  per  cent  nitrogen,  the  tetranitrate  with  11 '41,  the  trinitrate 
with  10*12  per  cent  (evidently  containing  tetranitrate)  and  the 
dinitrate  with  6*89  per  cent.  All  these  are  soluble  in  a  mixture  of 
ether  and  alcohol  except  the  first  given,  the  hexanitrate.  The 
mononitrate  was  not  obtained. — Ber.  Berl.  Chem,  Qes,,  xiii,  169, 
Feb.  1880.  g.  f.  b. 

6.    On  a  new  kind  of  Ammonium  Bases. — Griess  has  described 

a  new  series  of  ammonium   bases    obtained    by  acting  on    the 

isomeric  amidophenols  with  excess  of  methyl  iodide.     When  to  a 

cold   solution  of  one  part    orthoamidophenol    hydrochlorate    in 

methyl  alcohol,  three  parts  of  methyl  iodide  is  added  and  then 

concentrated  potash  solution  to  strong  alkaline  reaction,  and  the 

whole  is  allowed  to  stand,  an  a«id  reaction  appears  after  some 

Am.  Joan.  8oi.— Thibd  Sbbim,  Vol.  XIX,  No.  118.— Mat,  1880. 
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time.  This  is  made  alkaline  again,  and  the  operation  ia  repealed 
as  long  as  the  solution  becomes  aoid.  On  distillmR  m  the 
methyl  aloohol,  the  liquid  solidifies  to  a  mass  of  yellowish  odored 
crystals  of  orthotiimethylphenolammoninm  hydriodate.  Ike 
Ittse  is  obUdned  from  this  by  treatment  ^rith  silyer  oxide,  in  weD 

formed  prisms,  having  the  formula  0,H„NO,  or  C,H^<I 

Seyeral  salts  of  this  new  ammonium  are  described^  beside  the  phti- 
nnm  double  salt.  By  treating  paraamidophenol  m  the  same  way, 
paratrimethylphenolammonium  results. — ^Ber,  JBerL  Chem,  Oei., 
xiii,  246,  Feb.,  1880.  cl  f.  & 

7.  Photograph»  <!f  Spectra. — ^H.  W.  YoGSf  has  photographed 
the  si>ectra  of  oxymn,  hydroeen  and  quicksilver,  by  means  of  the 
sensitivejKelatine  bromide  of  silver  plates,  introduced  by  Wntr 
ien  and  Wainright,  which  Yogel  regards  as  fifteen  times  more  sen- 
sitive than  the  most  sensitive  wet  plates.  With  an  exposure  of 
two  hours  a  spectrum  from  the  green  to  the  violet  oould  be 
obtained  by  ordinary  induction  sparks,  without  the  use  of  a  Ley- 
den  jar.  Full  tables  of  wave-lengths  of  the  lines,  with* descrip- 
tions of  their  character  and  list  of  their  coincidences  with  solar 
lines,  according  to  different  authorities,  are  pven.  Vogjd  oon- 
firms  the  result  previously  obtained  by  Wiedemann,  that  u  quiek- 
silver  and  nitrogen  are  beated  toffether  in  a  Cteissler  tul>e  the 
lines  of  nitrogen  disappear  when  the  tension  of  the  quidkailver 
increases  to  a  notable  extent.  From  the  fact  that  the  Hd  line 
appears  in  the  Geissler  tube  at  a  pressure  of  2"°  when  single 
induction  sparks  are  discharged  through  it,  Vogel  concludes  that 
their  existence  is  not  due  alone  to  very  high  temperatures,  as 
Lockyer  assumes.  It  was  noteworthy  that  in  the  spectra  in  tubes 
the  strong  mercury  line  A=4046  was  entirely  absent,  while  weak 
lines  were  present  which  were  not  seen  witn  the  employment  of 
strong  pressure  and  strong  discharges:  also  by  rarefaction  and 
the  consequent  lowering  of  temperature,  one  of  the  brightest,  and, 
according  to  Lockyer,  longest  lines  disappears,  while  many 
weaker  and  less  refrangible  lines  remain.  Further,  not  all  the 
lines  increase  in  brightness,  but  many  disappear.  The  assertion 
of  Lockyer,  that  with  diminishing  pressure  the  shortest  lines  dis- 
appear iirfit,  is  therefore  not  true  in  general. — £er.  cL  JBerL  Akj 
1879,  p.  586.  J.  T. 

8.  TTie  limits  of  the  (TUra  Violet  in  the  Solar  Spectrum  at  dif- 
ferent heights. — Cornu  has  made  some  spectroscopic  tests  on  the 
Riffel,  at  Visp  and  on  the  Rigi,  and  finds  results  in  accordance 
with  those  ol  previous  observers.  The  ultra  violet  limit  is  very 
slightly  increased  with  the  altitude  of  observation.  The  change 
of  wave-length  is  about  a  millionth  of  a  millimeter  for  700  meters. 
The  limit  at  the  Riffel  was  reached  at  a  wave-length  of  293*2,  and 
at  Visp  at  295-4. —  Comptes  Bendus^  Ixxxix,  p.  808,  1879.     j.  t. 

9.  AtmospJieric  Polarization  and  the  infi^Aence  of  T&rrestrial 
Magnetism  upo7i  the  Atfnosphere. — The  apparatus  of  Becquerel 
consisted  essentially  of  a  Savart  polariscope  mounted  upon  a  diyi* 
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ded  circle.  This  divided  circle  is  supported  by  a  horizontal  axis 
which  is  also  capable  of  turning  about  a  vertical  axis.  Two  other 
divided  circles  measure  the  motion  in  azimuth  and  in  declination, 
and  allow  the  polariscope  to  be  directed  in  any  direction,  and  give 
also  the  coordinates  of  the  point  of  observation.  The  method  of 
observation  was  to  obtain  upon  the  same  divided  circle  the  position 
of  the  plane  of  polarization  of  the  sun  and  the  trace  of  the  plane 
of  the  sun.  An  ingenious  method  of  accomplishing  this  is  detailed 
in  the  author's  memoir.     The  conclusions  reached  are  as  follows : 

(1)  The  existence  at  one  point  of  a  variable  angle  between  the 
plane  of  the  sun  and  the  plane  of  polarization  of  the  atmosphere. 

(2)  A  periodical  variation  in  this  angle,  which  has  a  maximum 
and  minimum  during  the  day.  This  phenomenon  appears  to  be 
connected  with  the  variable  conditions  of  illumination  of  the  at- 
mosphere due  to  the  height  of  the  sun. 

(3)  The  manifestation  of  the  magnetic  influence  of  the  earth 
upon  the  atmosphere,  to  which  influence  can  be  attributed  a  small 
deviation  of  the  plane  of  polarization  of  the  light. — Annates  de 
Chemie  et  de  Physique,  Jan.,  1880,  p.  90.  j.  t. 

10.  Measurements  and  law  in  EUctro- Optics, — Dr.  Kerb  con- 
tinues his  experiments  upon  the  effect  of  electric  tension  on  the 
transmission  of  light  through  dielectrics,  and  enunciates  this  gen- 
eral law : — ^*'  The  intensity  of  electro-optic  action  of  a  given  die- 
lectric, {or  the  difference  of  retardations  of  the  ordinary  and  extra- 
ordinary rays)  per  unit  of  thickness  of  the  dielectric,  varies 
directly  as  the  square  of  the  resultant  electric  force?"*  The  dielec- 
tric used  by  Dr.  Kerr  was  carbon  disulphide,  and  was  contained 
in  a  cell  of  peculiar  construction,  which  allowed  the  layer  of  the 
dielectric  to  be  submitted  to  powerful  electric  stress.  A  beam  of 
light  was  passed  through  a  Nicol  prism  and  then  through  the  layer, 
and  was  examined  by  a  second  Nicol.  In  subsequent  experiments, 
Jamin's  compensator  was  also  used  between  the  layer  and  the 
ocular  Nicol.  Thomson's  long-range  electrometer  was  employed 
to  measure  the  electrostatic  effects.  The  author  concludes  that 
Faraday's  and  Clerk-Maxwell's  views  in  relation  to  the  action  of 
a  dielectric  in  the  transmission  of  electrostatic  force,  and  the  state 
of  molecular  constraint  that  is  associated  with  and  is  essential  to 
that  action,  are  very  strongly  confirmed  by  the  new  facts  of  elec- 
tro-optics. "  The  dioptric  action  of  an  electrically  charged  medium 
is  closely  related  to  the  electric  stress  of  the  medium,  the  axis  of 
double  refraction  coinciding  in  every  case  with  the  line  of  electric 
tension,  and  the  double  refraction  varying,  certainly  in  CS  and 
probably  in  all  other  dielectrics,  directly  and  simply  as  the  inten- 
sity of  the  tension." — Ph\l,  Mag,,  March,  1880,  p.  167.         J.  t. 

11.  Connection  hetweeyi  the  laws  of  diffusion  and  Thermody- 
namics,— BoLTZMANN,  in  a  valuable  paper,  discusses  the  phenom- 
ena of  diffusion  from  the  point  of  view  oi  the  mechanical  theory 
of  heat,  and  arrives  at  certain  equations  expressing  the  entropy. 
The  equivalent  transformation  of  work  due  to  difiusion,  and  the 
maximum  work  which  can  be  produced  by  the  difiusion  of  gases 
at  constant  temperature. —  Wien,  Ber.,  78,  1878.  5.t, 
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12.  JDensiij/  of  the  Sdloaena  ai  ntry  high  tmnmraMtre$. — Prato- 
0or  Crafib  has  repeated  the  experimentB  of  ihe  Meosm  Mey«i 
with  oertain  modincatioDS,  and  finds  with  them  that  the  deoHtj 
of  iodine  vapor  at  the  temperature  obtained  with  the  ns  fornaoe 
of  Perrot  is  two-thirdB  of  the  normal  dennty,  althoagn  he  thiab 
their  estimates  of  the  temperature  too  high«  In  experimentiag^ 
however,  with  free  chlorine  he  obtained  values  corresponding  to 
the  normal  density  of  Cl^ 

More  recently  Victor  Meyer  has  published  additional  experi- 
ments on  the  same  subject,  which  indicate  that  while  chlorine 
does  not  assume  the  abnormal  condition  corresponding  to  fCl,  bo* 
low  1200  degrees,  iodine  vapor  passes  into  a  smiilar  state  at  1000 
degrees.  He  confirms  also  the  results  of  Crafts  in  regard  to  dM 
density  of  chlorine  gas,  which  had  been  previously  prepared  and 
introduced  as  gas  into  the  heated  fiask,  nnding  that  under  tiMoe 
circumstances  the  density  corresponded  approximately  to  CI^  at 
the  same  temperature  at  which  the  chlorine  formed  in  the  uik 
from  PtCl^  assumed  the  lower  density  corresponding  to  fCl^  Tho 
old  term  nascent  is  applied  to  chlorine  in  the  last  condition,  and 
it  is  suggested  that  tne  difference  between  chlorine  gas  in  thew 
two  stat^  of  density  corresponds  to  the  diflEerenoe  between  Wf- 
gen  gas  and  oxone  at  the  ordinary  temperature  of  the  air.  Vio- 
tor  Meyer  has  further  determined  the  vapor  density  of  bromine 
under  the  same  condition  as  chlorine  ana  iodine.  He  finds  that 
PtBr^  can  be  easily  prej>ared,  and  that  the  bromine  vapor  formed 
by  its  decomposition  '*  m  statu  nascenti"  assumes  at  the  high  tem- 
peratures employed  in  these  experiments  the  value  3*64,  eorree- 
ponding  to  JBr,.  Experiments  to  determine  the  density  of  free 
oromine  vapor  formed  by  dropping  liquid  bromine  into  the  heated 
flask  did  not  give  accordant  or  satisfactory  results.  Meyer  has 
met  with  similar  irregularities  in  his  experiments  on  the  vapor 
density  of  water  and  other  volatile  liquids  at  a  white  heat,  which 
he  attributes  to  a  mechanical  cause,  depending  on  the  very  sad- 
den conversion  of  the  liquid  into  vapor,  which  at  such  high  tem- 
peratures takes  place  with  explosive  violence.  Meyer  hopes  to 
overcome  the  diniculties  presented  in  such  cases,  by  using  larger 
vessels,  and  the  several  articles  published  in  the  Berichte  of  the 
German  Chemical  Society  for  March  8th,  pp.  391  to  408,  are  obvi- 
ously only  preliminary  notices  of  an  investigation  still  in  prog- 
ress. The  idea  that  a  chemical  decomposition  or  dissociation  has 
taken  place  in  these  experiments  appears  to  be  no  longer  enter 
tained,  and  the  anomalous  densities  observed,  so  far  as  they  are 
real  phenomena,  are  probably  the  result  of  allotropic  modiOot- 
tions  of  the  elementary  substance  similar  to  those  already  well 
known.  J.  P.  c. 

13.  Use  of  the  Heliotrope  for  tdegraphic  purposes  in  triangtdar 
tion.  Letter  to  J.  D.  Dana,  from  Capt.  C.  F.  Fattkrson,  Super 
intendent  of  the  Coast  Survey,  dated  Washington,  Mar.  26,  188(1 
— Having  noticed  in  Nature  several  references  to  the  use  of  the 
sun  for  telegraphic  purposes,  I  beg  to  say  that  the  heliotrope— s 
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mirror  with  directive  mounting — has  been  one  of  our  regular  field 
iDStruments  in  triangnlation  for  forty  years,  and  has  been  used  on 
lines  from  20  to  1 02  miles  in  length. 

As  a  matter  of  interest,  I  send  you  the  following  extract  from 
the  annual  report  of  Assistant  George  Davidson,  in  charge  of  the 
most  important  portion  of  the  triangulation  on  the  Pacific  Coast. 
The  stations  named  are  along  the  western  crest  of  the  Sierra 
Nevada  Mountains,  along  the  crest  of  the  immediate  Coast  Range, 
and  Mt.  Shasta,  at  the  head  of  the  Sacramento  Valley. 

I  notice  that  M.  Perrier,  in  charge  of  the  triangulation  in  Alge- 
ria, in  making  his  connections  with  Spain,  failed — on  account  of 
the  state  of  the  atmosphere  I  presume — to  obtain  satisfactory 
results  from  the  heliotrope  (the  distance  being  as  nearly  as  can  be 
learned  165  miles),  and  was  obliged  to  have  recourse  to  electric 
lights,  requiring  engines  of  C-horse  power.  With  these  his  suc- 
cess was  perfect. 

[Extract.] — Heliotrope  Spectra. 

My  former  experience  of  the  decomposition  of  the  heliotrope 
image  of  the  sun  after  passing  through  many  miles  of  the  atmos- 

5 here  was  fully  verified.     The  heliotrope  images  were  seldom 
ecomposed  on  the  lines  under  seventy  miles  in  length,  but  they 
were,  as  a  rule,  decomposed  on   all  longer  lines,   and   ranged 

Blue     Blue       Green     Green 
through  the  formulse  White  Yellow  Yellow  Orange,    the    last 

Red  Red  Red  Red 
being  the  less  frequently  seen.  The  peculiar  sparkling  character- 
istic of  the  bright  heliotrope  image  does  not  announce  itself  in 
the  spectrum  image ;  the  colors  give  a  steady,  soft  image,  which 
is  generally  slightly  higher  than  broad ;  frequently  twice  as  high 
as  broad;  and  upon  some  occasions  it  reaches  a  height  of  60  sec- 
onds with  a  breadth  of  10*'  to  15^ 

In  nearly  all  cases  the  red  is  the  most  marked  and  is  certainly 
the  most  persistent ;  the  blue  will  fade  away,  the  yellow  or  orange 
is  not  in  sufficient  contrast  with  the  white  field  to  be  observed 
upon.  The  color  of  the  red  is  that  of  the  spectrum  at  the  B  line. 
Frequently  the  red  will  exist  with  a  sharply  defined  nucleus  of 
light  orange,  or  even  white ;  but  it  is  doubtful  if  this  exists  when 
the  spectrum  is  formed. 

The  column  of  spectrum  light  sometimes  undergoes  the  most 
unceasing  apparent  interchange  of  the  colors,  as  if  the  rapid 
changes  in  vertical  refraction  suddenly  shortened  and  lengthened 
the  column ;  and  yet  tests  failed  to  show  that  any  part  of  the  col- 
umn was  not  in  the  vertical 

It  is  only  upon  rare  occasions  that  the  spectrimi  is  seen  inverted, 
and  then  seldom  during  the  single  minute  of  pointing ;  but  at 
Mount  Lola  and  at  Round  Top  Mountain  the  records  show  where 
the  heliotrope,  seen  as  a  diffused  disc,  had  the  red  and  blue  at  dif- 
ferent parts  and  in  different  proportions  of  the  circumference  with 
yellowish  center.   Upon  the  great  lines  the  spectrum  was  occasion- 
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Green 
ally  very  brillisnt  in  Orange,  &iid  then  it  wae  ponaible  to  predict 

Ked 
its  vifiibility  to  tlie  uiiasBieted  eye. 

From  Mount  Lola  we  have  frequently  seen  the  heliotrope 
imagoe  with  the  naked  eye  over  the  longest  lines ;  and  at  Round 
Top  MouiitaiD,  with  lines  reaching  160  miles,  we  saw  the  Sno* 
Mount  heliiHrope  very  plainly  with  the  naked  eye  upon  seTcral 
occasions.  I  am  satisneil  that  the  Mount  Helena  heliotrope  would 
have  been  seen  with  the  naked  eye  from  Mount  Shasta,  192  miln, 
in  favorable  weather.  Although  the  spectrum  on  sach  occasiotK 
is  very  vivid,  the  naked  eye  did  not  detect  the  colors. 

In  a  former  paper  I  have  referred  to  this  phenomenon  as  a  w»- 
mal  condition  of  the  heliotrope  image,  but  particularly  exhibited 
in  long  lines.  On  short  lines  the  difference  of  density  of  the  stra- 
tum of  air  traversed  by  the  ray  of  light  is  too  small  to  decom- 
pose the  white  light ;  but  on  long  lines  the  struta  of  differeot 
densities  through  which  the  line  passes  act  practically  as  a  prim 
by  which  the  ray  of  white  light  b  decomposed  by  the  ilifTerent 
refractive  powers  into  the  epectmm. 

Heliotropes. — The  heliotropes  I  use  are  of  the  pattern  which  I 
devised  in  18fil,  except  that  now  a  square  mirror  is  adopted  U 
affording  more  light  for  the  same  siised  box  for  transportatitw. 
It  could  be  made  a  parallelogram,  bat  would  be  lees  Kteady  in  a 
heavy  wind.  The  larger  ones  have  a  screen  attached  to  a  levet 
for  transmitting  Morae  telegraph  letters  as  heretofore. 

The   ordinary   amalgam-backed    mirrors   become    whitish   and 
opaque  in  a  few  diiys'  exposure,  but  the  fine  silver  deposit  oi 
glass  retains  its  brilliancy  unimpaired. 

I  have  established  the  following  sizes  for  heliotropes,  and  faare 
practically  tested  them  up  to  192  miles.  I  feel  certain  thai  the 
proportions  may  be  carried  to  any  practicable  line  on  the  earth's 
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Having  established  by  experience  the  best  size  for  a  heliotrope 
upon  a  line  of  a  given  length,  I  obtained  the  following  formnla, 
based  upon  the  general  law  of  optics,  for  determining  the  size  for 
any  required  distance:  a?=c?'X*0021,  where  x  is  the  area  of  the 
required  heliotrope  in  aqtiare  inches^  d  the  given  distance  in  miles. 

in  the  smaller  heliotropes  the  amount  of  light  cut  off  by  the 
skeleton  vane  bears  an  undue  proportion  to  the  size  of  th^  mirror, 
and  this  must  therefore  be  taken  into  consideration.  I  use  the 
smallest  skeleton  vanes  compatible  with  stiffness.  If  for  any 
cause  a  larger  heliotrope  is  needed  on  a  given  line,  and  under 
favorable  circumstances  the  image  appears  too  bright,  the  area  of 
the  mirror  may  be  readily  reduced  upon  a  preconcerted  signal,  by 
affixing  an  open  frame  of  tin  or  even  of  paper  upon  the  outer 
edges  of  the  mirror. 

14.  On  the  Artificial  Formation  of  the  Diamo7id, — The  last 
number  of  the  Proceedings  of  the  Royal  Society  (No.  201), 
contains  a  preliminary  notice  by  Mr.  J.  B.  Hannay  of  the  process 
by  which  he  seems  to  have  succeeded  in  obtaining  crystallized 
carbon  identical  with  the  diamond.     The  following  is  an  extract. 

"  When  the  carbon  is  set  free  from  the  hydrocarbon  in  presence 
of  a  stable  compound  containing  nitrogen,  the  whole  bemg  near 
a  red  heat  and  under  a  very  high  pressure,  the  carbon  is  so  acted 
upon  by  the  nitrogen  compound  tnat  it  is  obtained  in  the  clear, 
transparent  form  of  the  diamond.  The  great  difficulty  lies  in  the 
construction  of  an  inclosing  vessel  strong  enough  to  withstand 
the  enormous  pressure  and  high  temperature,  tubes  constructed 
on  the  gun-barrel  principle  (with  a  wrought  iron  coil),  of  only 
half  an  inch  bore  and  four  inches  external  diameter,  being  torn 
open  in  nine  cases  out  of  ten. 

"  The  carbon  obtained  in  the  successful  experiments  is  as  hard 
as  natural  diamond,  scratching  all  other  crystals,  and  it  does  not 
affect  polarized  light.  I  have  obtained  crystals  with  curved  faces 
belonging  to  the  octahedral  form,  and  diamond  is  the  only  sub- 
stance crystallizing  in  this  manner.  The  specific  gravity  is  as 
high  as  3 '5.  The  crystals  burn  easily  on  thin  platinum-foil  over 
a  good  blowpipe,  and  leave  no  resicfue,  and  after  two  days'  im- 
mersion in  hydrofluoric  acid  they  show  no  sign  of  dissolving, 
even  when  boiled.  On  heating  a  splinter  in  the  electric  arc,  it 
turned  black — a  very  characteristic  reaction  of  diamond. 

"  Lastly,  a  little  apparatus  was  constructed  for  effecting  a  com- 
bustion of  the  crystals  and  determining  their  composition.  The 
ordinary  organic  analysis  method  was  used,  but  the  diamond 
crystals  were  laid  on  a  thin  piece  of  platinum-foil,  and  this  was 
ignited  by  an  electric  current,  and  the  combustion  conducted  in 
pure  oxygen.  The  result  obtained  was  that  the  sample  (14 
mgrms.)  contained  97'85  per  cent  of  carbon,  a  very  close  approx- 
imation, considering  the  small  quantity  at  my  disposal." 
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n.  Gbology*  and  Miksraloot. 

1.  Skeiehea  of  the  Fhf/sieal  Qeography  and  Choiogy  qfintrm' 
ka;  by  Sax msL  Auohst,  PLD.,  XiUD^  Professor  of  Nat.  Soi  h 
the  Univ.  of  Nebraska.  326  pp.  8vo.  6maha,  Nebraaka,  188a*- 
These  **  sketches'*  oontaiB  a  well-arraDged  and  oarefally  prepand 
description  of  the  region  of  Nebraska,  as  regards  its  topography, 
climatology,  drainage  and  eeoloffy,  and  a  general  account  of  iti 
flora  and  fauna.     We  cite  the  foUowing  fiu^ts  from  it : 

The  State  has  a  length  (maximum)  firom  east  to  west,  of  41S 
miles.  The  average  elevation  of  the  eastern  hidf  is  1,700  feet,  of 
the  western  2,612  feet.  The  mean  elevation  of  the  State  is  2,S1I 
feet  The  ascent  for  100  miles  west  from  Omaha  is  5^  ftet  a 
mile;  for  the  second  100,  7  feet;  the  third  100,  7^  feet;  ths 
fourth,  10^  feet 

The  increasing  size  of  the  streams  and  the  increasing  number  of 
springs  daring  tiie  past  fifteen  years  indicates  an  increased  raiih 
fidl.  Profetisor  Aughey  attributes  this  ^^reater  amount  of  rains  to 
the  turning  up  of  the  soil  for  cultivation,  which  has  rendered  it 
on  an  average,  nine-fold  (by  his  experiments)  more  absoipttve  of 
the  water  from  rains.  The  water  that  fells  on  the  hard  origbal 
soil  of  the  prairies  mostly  flows  off  into  the  canyons  and  stresu; 
while  the  broken  soil,  like  a  huge  sponge,  takes  it  all  in.  At  the 
time  of  the  first  settlement  of  the  state  the  average  rain-fell  w» 
20  inches  and  the  part  absorbed  probably  not  more  than  5  inches; 
now  it  is  32  inches,  and  not  less  than  24  are  absorbed.  The  great 
thickness  of  the  soil — of  all  depths  to  200  feet  in  the  loess  regions 
— gives  this  sponge  its  great  magnitude  and  power. 

Professor  Aughey  discusses  well  the  facts  relating  to  the  loess 
and  its  origin.  He  shows  that  Richthofen's  wind-drift  theoir 
finds  no  support  in  the  character  of  the  Nebraska  deposits.  He 
states  that  the  Missouri  river  in  the  period  when  the  Icess  was 
being  deposited  must  have  been  from  5  to  30  miles  in  breadth ; 
and  that  the  Platte,  the  Niobrara  and  Republican  spread  over 
their  respective  plains  in  the  same  way.  He  mentions  the  occur- 
rence of  stratification,  and  in  some  parts  of  thin  lamination ;  of 
transitions  into  or  alternations  with  sandy  beds ;  in  its  lower 
part,  the  occurrence  of  fresh-water  as  well  as  land  shells,  aod 
various  other  facts  bearing  on  the  question  of  origin.  He  speaks 
of  examining  the  silt  after  a  flood  on  the  Missouri  four  miles 
below  Dakota  City,  and  of  obtaining,  in  1871,  of  existing  kinds 
brought  down  by  the  river,  35  species  of  land  shells  and  20  of 
fresh-wat^r  species.  The  loess  of  eastern  Nebraska  is  over  8,000 
feet  below  its  highest  point  on  the  west  line  of  the  State.  Bat 
this  height,  so  far  as  not  due  to  a  small  eastward  pitch  in  the 
waters,  is  accounted  for  by  a  change  of  level. 

The  remains  of  life  found  in  the  loess  are,  in  addition  to  the 
moUuscan,  those  of  the  rabbit,  gopher,  otter,  beaver,  squirrel, 
deer,  elk  and  buffalo.     Bones  of  the  mastodon  and  elephant  are 
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also  often  found,  especially  in  Lancaster  county^  In  Lincoln, 
situated  "near  the  western  shore  of  the  Missouri  lake  of  the 
period,"  "  they  have  been  found  in  at  least  twenty  wells."  Pro- 
fessor Aughey  states  that  in  1872  he  found  in  the  Igbss,  three  miles 
east  of  Sioux  City,  in  a  railroad  cut,  an  Indian  arrow-head  ;  and 
be  has  since  found  arrow-heads,  spear-heads  and  flint-chips  at 
other  points:  in  the  bluffs  back  of  Jackson,  in  1874,2^  miles 
southeast  of  Omaha,  in  a  railroad  cut,  16  to  20  feet  below  the  top 
of  the  loBss ;  east  of  the  Republican  Forks,  14  feet  below  the  sur- 
face, underneath  the  second  bed  of  black  soil.  "  It  appears  then 
that  some  old  races  lived  around  the  shores  of  this  lake,  paddled 
their  canoes  over  its  waters,  and  accidentally  dropped  their  arrows 
in  its  waters  or  let  them  fly  at  a  passing  water  fowl."  The  rising 
of  the  land  "closing  the  loess  period  first  clearly  outlined  the 
present  rivers  of  Nebraska." 

At  the  present  time  the  rivers  have  very  wide  river-bottoms, 
ranging  from  one  to  ten  miles  or  more.  Above  these  there  are 
one  or  more  terraces :  a  lower,  usually  3  to  6  feet  above  the  river- 
bottoms;  a  second,  12  to  26  feet;  and  a  third,  of  varying  eleva- 
tion. The  bottom-lands  are  seldom  overflowed  in  any  part  at  the 
highest  floods. 

2.  Silurian  age  of  the  Crystalline  rocks  of  Eastern  Pennsyl- 
vania and  Hudson  River  age  of  the  Hydromica  Schists, — Mr. 
Charles  E.  Hall  has  an  important  paper  on  this  subject  in  the 
Proceedings  of  the  American  Philosophical  Society  for  January, 
1880,  together  with  a  map  illustrating  it.  He  first  mentions  the 
occurrence  of  the  fossil  seaweed  Buthotrephis flexuosa^  of  proba- 
bly Hudson  River  Age,  in  the  Peach  Bottom  roofing  slates  of 
York  County,  Pa.,  announced  by  Prof.  Frazer.  The  rocks  of  the 
region  in  order  of  age  are  stated  to  be : 

(1)  Granitoid,  syenitic,  hornblendic,  micaceous  and  quartzose 
rocks,  older  than  Silurian,  that  is,  of  Archaean  or  Azoic  age :  one 
division  extending  in  a  southwesterly  belt  across  Bucks  and  Mont- 
gomei*y  Counties,  as  far  west  as  Chestnut  Hill,  Philadelphia ;  a 
second,  from  the  vicinity  of  the  last  mentioned  locality,  westward 
across  the  Schuylkill,  and  covering  much  of  northern  Delaware 
County. 

(2)  Potsdam  sandstone  and  conglomerate,  with  some  schistose 
beds  resting  unconformably  on  the  preceding ;  over  these,  dolo- 
mites, crystalline  limestones  (the  dolomites  below  the  limestones) 
hydromica  schists,  the  upper  part  of  which  group  has  afforded 
Trenton  fossils  at  Buckingham,  Bucks  County ;  and  also  hydro- 
mica schists,  quartzose  schists,  chloritic  schists,  with  occasional 
beds  of  quartzite  and  serpentine,  which  are  of  the  Hudson  River 
group,  and  flank  the  Chester  Valley  on  the  south  from  some  point 
not  far  east  of  the  Schuylkill  Kiver  throughout  the  entire  length 
of  the  valley ;  and  micaceous  garnetiferous  schists  with  limestone, 
in  the  southern  central  portion  of  Chester  County,  resting  upon 
the  last-mentioned  hydromica  schists.  These  Hudson  River 
schists  are  those  that  have  been  called  Taconic.    Details  are  given 
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illustrating  the  oonformability  of  all  these  achiets  and  liniestoneE. 
Together  they  occupy  the  region  between  the  Arcbtean  and  the 
TriusHic  urea. 

(3)  Mica  BchietB,  homblendic,  gariietiferoue  and  talcose  achists 
of  I^iladelphia,  with  soapstone  and  serpeutine,  wbich  are  de- 
scribed B8  resting  uno  on  form  ably  on  the  precedlog,  A  large  part 
of  this  area  is  on  the  southeast  side  of  the  Archiean  between  it  and 
Delaware  River.  The  nonconformity  "  may  be  owing  to  faulting, 
but  they  [the  rocks]  are  nevertheless  more  receut." 

The  serpeiitiiies  of  Radnor  township  in  Delaware  Connty,  and 
those  of  Easttown,  Willistown,  East  and  West  Goshen  are  spoken 
of  as  "  undoubtedly  altered  beds  of  the  South  Valley  Ilill  elatfs 
or  Hudson  River  slates."  The  sernentines  of  Lancaster  County 
are  referred  to  the  same  age,  and  also  probably  those  of  Chester 
County, 

3.  On  tJie  Carboniferoiit  Vokunic  Socks  of  the  Basin  of  the 
J^rth  of  F'trth:  their  gtructure  in  the  field  aud  wider  the  micro- 
neope;  by  ABcntBiLD  Gbikik,  Director  H.  M.  Geol.  Survey  of 
Scotland.  82  pp.  Jto,  with  three  plates,  containing  a  geolodpal 
map;  sections  of  strata,  and  microscopic  views  of  slices. — -This 
elaborate  paper,  aflor  its  historical  introdaetiun,  presents  an 
account  of  six  "volcanic  districts"  within  the  region  of  the  Basin 
of  the  Firth  of  Forth,  and  describes  in  detail  the  positions  and 
relations  of  the  beds,  and  the  character  of  the  rocke.  The  erup- 
tive rocks  are  divided  into  (1)  Augi te-f el dajiar  rooks  (divided  into 
diabases  or  the  granitoid  variety,  dolerytes  and  basalts);  (2) 
OlivinL' augiu^stTpfnliiic  rocks,  pyen  only  at  two  localities;  (31 
Feldspar-magnetite  rocks,  or  the  porphyntes,  which  played  ao 
important  part  among  the  earlier  eruptions  of  the  Carooniferous 
period;  and  (4)  Feleitic  rocks,  constituting  a  few  dikes;  and 
besides  these  there  are  fragmental  rocks  or  tufas. 

4.  Contributions  to  the  Geology  of  Eastern  JIfaaaachttsetts; 
by  Wm.  O.  Ckosbt.  Occasional  Papers  of  the  Boston  Society  of 
Natural  History,  Vol.  III.  268  pp.  8vo,  with  five  plates  and  a  col- 
ored geological  map. — Mr.  Crosby's  papers  are  very  important 
coDtribntiona  to  the  geology  of  Eastern  New  England.  The  rocks 
are  described  in  detail,  holQ  as  to  their  kinds  and  distribution, 
and  facts  are  given  bearing  on  the  question  of  age,  and  illustrat- 
ing many  points  in  geological  science.  Among  the  interesting 
questions  discussed  is  that  of  the  age  of  the  conglomerate,  asso- 
ciated with  the  Primordial  slate,  the  area  of  which  two  fonnations 
extends  three  to  four  miles  north  of  Boston,  eight  to  ten  west 
(and  in  lines  still  further),  and  six  to  seven  miles  soatK  Mr. 
Crosby  concludes  that  the  conglomerate  probably  underlies  the 
slate.  He  remarks  that  the  conglomerate  contains  pebbles  of  the  , 
Shawmut  amygdaloid,  a  rock  associated  with  it  to  the  soathweet 
The  maximum  thickness  of  the  conglomerate  is  made  aboat  1,000 
feet,  and  that  of  the  slate  nearly  toe  same.  Both  are  stated  to 
be  unconformable  with  the  crystalline  rocks  adjoining,  which  are 
referred  to  the  Arohfean. 
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5.  Eleventh  Annual  Hsport  of  the  U.  S,  Geological  and  Geo- 
jraphical  Survey  of  the  TerritorieSy  embracing  Idaho  and  Wyo- 
ning^  being  a  report  of  progress  for  the  year  1877 ;  by  F.  V.  Hay- 
den,  U.  S.  Geologist.  720' pp.  8vo,  with  numerous  plates,  seventy 
of  them  illustrating  rock  sections,  topography,  scenery,  tufa  for- 
mations, and  ten  of  fossils,  besides  six  of  maps.  Department  of 
the  Interior.  Washington,  1879. — This  thick  volume,  just  out  of 
press,  bears  evidence  of  the  great  activity  and  success  in  the 
explorations  carried  forward  under  Dr.  Hayden.  It  is  made  up 
of  a  general  report  by  Dr.  Hayden,  reviewing  the  work  of  the 
year;  special  geological  reports  by  F.  M.  Endlich,  O.  St.  John, 
and  Dr.  A.  C.  Pbale;  paleontological,  by  C.  A.  White;  and 
topographical,  by  A  D.  Wilson  and  Heney  Gannett. 

With  more  space  at  command,  large  citations  would  here  be 
made  from  the  volume. 

6.  Earthquake  of  San  Salvador^  of  December  21-30,  1879. — 
A  recent  letter  from  Mr.  W.  A.  Goodyear,  now  Director  of  a  Gov- 
ernmental Mining  and  Geological  Survey  of  San  Salvador,  states 
that  more  than  600  earthquake  shocks  were  felt  there  within  the 
last  ten  days  of  1879.  They  were  heaviest  about  Lake  Ilopango, 
where  he  was  on  the  28d  and  until  the  27th,  when  a  shock  came, 
as  he  writes,  '^  that  broke  the  telegraph  wire,  and  made  the  ground 
on  which  we  stood  a  perfect  network  of  cracks,  opened  new 
springs  of  water,  increased  the  rivulets  in  the  vicinity  to  ten  times 
their  volume,  muddied  the  waters  of  the  lake  in  many  places,  and 
rolled  hundreds  of  thousands  of  tons  of  rocks  and  debns  down  the 
steep  hills  in  the  shape  of  land  slides."  '^  As  a  sequel  to  the 
earthquakes,  on  the  night  of  January  20th  and  21st  a  new  vol- 
cano appeared  in  the  center  of  the  Lake  of  Ilopango.  This  vol- 
cano does  not  yet  (Feb.  1st),  show  more  than  four  or  five  acres  of 
new  rocks  above  the  water,  and  has  not  yet  discharged  any  liquid 
lava.  But  it  is  growing,  and  its  clouds  of  steam  are  seen  every 
day  from  the  Capital,  rising  1,000  feet  or  more  above  the  lake." 

7.  Oil-sands  of  the  Bradford  or  Northern  oil-district  of  Penn- 
sylvania compared  with  those  of  the  Venango  or  Western  District. 
— Mr.  C.  A.  AsHBURNER,  of  the  Geological  Survey  of  Pennsyl- 
vania, states,  in  a  paper  read  before  the  American  Philosophical 
Society  on  March  5,  that  the  oil-sands  (or  sandrocks)  of  the 
Bradford  region  are  about  as  coarse  as  ordinary  beach-sand,  even 
in  grain,  of  constant  thickness,  and  widely  spread,  while  those  of 
the  Venango  district  vary  from  coarse  to  fine,  and  abruptly  also 
in  thickness  and  composition ;  the  bottom  layer,  which  is  the  most 
productive,  is  in  part  a  fine  micaceous  mud-made  rock,  yielding 
only  a  trace  of  oil.  The  former  are  of  the  Chemung  group,  the 
latter  of  the  Red  Catskill  (No.  IX  of  the  Pennsylvania  survey). 
In  the  Bradford  district  during  the  year  1879,  2536  wells  were 
drilled  to  the  Bradford  oil-sand,  of  which  only  3  per  cent  were 
dry  holesy  while  in  the  Venango  district,  during  the  same  year, 
475  wells  were  drilled  (in  the  Counties  of  Warren,  Venango, 
Clarion  and  Butler),  and  122  were  dry  holes^  or  25*7  per  cent. 
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The  largest  individunl  wells  have  been  ojientid  in  ibe  Veiianjfo 
dietrict,  bnt  the  average  yield  haB  been  greatest  in  the  Brad- 
ford ;  eome  of  the  former  having  produeed  2,000  to  3,000  barrels 
of  oil  per  day,  while  the  largest  of  the  latter  have  not  exceeded 
many  hundred. 

8.  Gietecke's  Mineralogiske  Hejse  i  Grdnland,  vcd  F.  Jobn- 
BTBin* ;  med  et  Tillwg  oni  de  Grdnlandske  «tednavnes  Retskrir- 
ning  og  Eiytnologi  af  Dr.  H.  Rink.  372  pp.  8vo,  with  S  plates. 
Copenhagen,  1878. — This  work  gives  the  diary  of  Carl  Ludvig 
Giesecke  during  his  travels  in  Western  Greenland  from  leoe 
through  1813,  or  about  eight  j^cars.  Giesecke  was  the  first  to 
call  attention  to  the  mineralogioal  and  geological  nature  of  the 
part  of  the  country  inhabited  by  Europeans,  and  this  gives  an 
especial  interest  to  his  observations.  His  travels  extended  along 
the  western  coast  between  latitude  60*  and  73"  north,  and  although 
his  attention  was  especially  directed  to  the  collection  of  minerals 
and  rocks,  he  devoted  mnch  time  also  to  the  geography  and 
ethnography  of  Greenland.  Among  tbe  new  niineraln  discovered 
by  him  are  eudialyte,  arfvedsonite,  allanite,  gicseckite,  fergnsonit*. 
sapphirine ;  he  also  described  the  method  of  occurrence  of  cryo- 
lite. During  his  life  he  published  bnt  little,  and  it  is  only  now 
that  his  diary,  wiiich  was  sent  each  year  to  Copenhagen  ss  a 
report  of  the  results  of  his  investigations,  has  been  published. 

9.  Bhcplorations  in  the  Interior  of  Greenland  in  1678;  by 
Lieutenant  Jensen.  (Meddelelaer  om  Gr&nland  udgivne  af  Com- 
missionen  for  I^delsen  af  de  geologiske  og  geographiske  I'^nder- 
s5gelscr  i  Griinland;  part  I,  135  pp.  fvo,  with  6  plates  and  :i 
obarts.  Copenhagen,  1879.) — This  volume  contains  an  account  of 
the  explorations  carried  forward  in  Southern  Greenland,  (lat  6S° 
16'  to  64°  30')  by  Lieut  Jensen  and  hia  associates  during  1876. 
His  labors  form  a  part  of  the  general  plan  for  tbe  geologitial 
exploration  of  Western  Greenland  adopted  by  the  Danish  Govern- 
ment in  1876  and  prosecuted  actively  since  that  time;  a  work  in 
which  the  geologist  Steenstrup  has  taken  a  prominent  part,  espe- 
cially in  Northern  Greenland. 

A  eummaiy  of  the  results  of  Lieut.  Jensen  and  of  the  relations 
of  these  explorations  to  "those  which  preceded  him,  from  the  time 
of  Giesecko  down  (see  above)  is  given  at  the  close  of  the  vol- 
ume by  Prof.  Johnstrup.  From  it  the  following  facts  are 
extracted.  The  continental  ice  of  Southern  Greenland  baa  been 
hitherto  an  almost  absolutely  unknown  region,  the  only  ex- 
tended journeys  upon  it  are  those  of  Datager  in  17.11,  and  of 
Nordenskidld  in  1870.      Lieut.  Jensen,  with  great  conntjge  and 

Sierseverance,  has  succeeded  in  penetrating  a  distance  of  about 
orty-five  English  miles  from  the  coast,  starting  from  the  "  Fred- 
ericksbaab  Ishlink"  (lat  62°  30').  A  peculiar  interest  attaches  to 
the  expedition  since  at  the  farthest  point  of  the  journey  inland, 
be  reached  a  scries  of  isolated  rocky  summits,  emerging  like 
islands  above  the  continental  ice  (they  are  called  Jensen's  ^^Tfuna- 
takker).    From  these  peaks,  5000  feet  above  tbe  sea  level,  and 
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Burronnded  now,  as  they  must  have  been  for  a  vast  period,  by  the 
fields  of  continental  ice,  a  large  collection  of  plants  (fifty-four 
species)  was  obtained,  and  some  few  animals  were  also  found. 
The  ice  on  the  east  side  of  the  "  Nunatakker"  has  an  altitude  of 
1570  meters  above  the  sea,  and  must  have  a  considerable  thick- 
ness, since  from  the  western  edge  it  rises  inland  at  a  small  angle 
(0°  49').  These  isolated  peaks  exert  a  decided  influence  on  the 
movement  of*  the  ice,  so  that  in  places  its  direction  is  reversed. 
In  the  midst  of  the  continental  ice  the  planes  of  dislocation  are 
nearly  perpendicular  to  the  surface,  but  on  the  edges  and  about 
the  "  Nuuatakker"  they  are  inclined  where  the  melting  is  greater 
and  there  results  an  increase  in  velocity  in  the  upper  parts  of 
the  ice.  The  crevasses  are  in  part  perpendicular  and  in  part  par- 
allel to  the  direction  of  the  movement,  according  to  the  nature  of 
the  surface  underneath,  and  whenever  the  ice  can  expand  fan- 
shaped  they  are  radial  and  tangential.  In  the  neighborhood  of 
rocks,  both  of  the  interior  peaks  and  of  the  coast,  the  surface  of 
the  continental  ice  is  impregnated  with  fine  clay  and  sand  which 
are  brought  upon  it  by  the  tempests,  and  which  the  streams  carry 
off  into  cavities  of  the  ice  mass.  At  one  spot  on  the  edge  of  the 
ice  a  pyramid  of  ice,  occasioned  by  this  accumulation  of  clay, 
was  observed  which  was  nearly  sixty  feet  high.  Moraines  of  dif- 
ferent forms  were  noted  on  the  ice  in  the  region  of  the  "  Nuna- 
takker^'  and  they  are  considered  as  ground  and  terminal  moraines. 
They  form  often  curved  and  semi-circular  lines  and  consist  of 
much  rounded  blocks  of  stone  of  no  great  size.  These,  as  they 
advance,  fall  into  the  crevasses,  and  thus  the  moraine  disappears. 
This  volume  contains  a  record  of  the  astronomical  and  meteoro- 
logical observations  made  during  the  expedition  ;  also  notes  upon 
the  Geology  of  the  portion  of  Greenland  explored  by  M.  Kome- 
rup;  and  a  list  of  the  plants  collected,  this  last  is  given  by  M. 
Lange.  The  colored  plates  give  a  vivid  impression  of  the  great 
ice  field  over  which  the  party  traveled. 

10.  Geological  Chart  of  Belgium  and  the  neighboring  Prov- 
inces;  by  A.  Dewalquk,  Brussels. — This  colored  geological  chart 
of  Belgium  measures  twenty-four  inches  by  twenty.  It  is  a  beau- 
tiful specimen  of  chromo-lithography.  The  areas  of  nearly  fifty 
different  formations  are  represented  by  colors  and  etching,  ranging 
from  the  Pliocene  through  the  whole  geological  series  to  its  bot- 
tom, and  including  also  some  eruptive  and  other  crystalline  rocks. 

11.  Edible  Earth  from  Japan  ;  by  E.  G.  Love,  Ph.D.  (Com- 
municated).— It  is  somewhat  surprising  to  find  that  the  Japanese, 
in  part  even,  are  addicted  to  the  eating  of  earth.  The  following 
analysis  shows  the  composition  of  an  earth  eaten  to  a  considerable 
extent  by  the  Ainos.  The  clay,  occurring  in  a  bed  several  feet  in 
thickness,  is  found  in  the  small  vallev  of  Tsietonai  (eat-earth- 
valley)  on  the  north  coast  of  Yesso.  It  is  of  a  light  gray  color 
and  very  fine  in  structure. 

SiO,  A1,0,  Fe,0,   Mn,0,  CaO  MgO    K,0    Na,0  SO,   PjO*   H,0» 
67-19  13-61     11 1       0-Ot      3-89    199     023     0-76    0'19     <r.      11'02  =  lOO'OS 

«  With  volatUe  matter. 
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The  "volatile  mutter,"  which  was  very  small  in  amoant,  con»Uu 
of  the  fragments  of  tbe  leaf  of  some  plant  which  the  people  iDten- 
tiotially  mix  with  the  clay  for  the  aromutiu  principle  it  contMot, 
or  which  was  accideutally  picked  up  wbon  the  specimen  was  tak<>n. 
On  treating  the  leaf  with  ether  and  evaporating,  I  obtained  eoihi: 
oily  matter  of  an  agreeable  odoi-,  but  too  small  m  amount  lo  enable 
me  to  determine  its  nature.  The  Aioos  think  the  ejrth  oontaine 
Bome  beneficial  substance,  and  eat  it  on  this  account  and  not  be- 
cause it  is  a  necessity  with  them.  They  have  meat  and  an  abnu- 
dance  of  vegetable  food.  The  clay  is  eaten  in  the  form  of  a  soap. 
Several  pounds  are  boiled  with  lily  roots  in  a  small  quantity  of 
water  and  aftenvards  strained.  The  Ainos  claim  that  the  sonp 
thns  prepared  is  very  palatable. 

12.  On  Conodonts,  etc  —  The  author  of  the  monograph  on 
Conodonts,  quoted  from  in  the  last  (April)  number,  p.  327,  is  Mr. 
George  Jeniiiugs  Uinde,  not  Hyde  as  there  printed, 

III.      BOTAXT    AND    ZOOLOGT. 

Genera  Plantarum  ad  Eremplaria  imprimis  in  fferharii* 
JSewmnibus  strvtita  definita ;  auot.  G.  Bentham  el  J.  D. 
HooKKR.  Vol.  iii,  part  I,  pp.  459  (including  temporary  index). 
London.  Reeve  A  Co.,  dbc.,  1880.— The  first  part  of  the  firat 
volume  was  issued  in  the  summer  of  1863.  lu  February  of  the 
present  year,  the  portion  of  the  third  and  last  volume  containiag 
the  MonochlamydeouB  Dicotyledons  and  the  Gytnnosperms  makes 
its  appearance,  so  we  muy  hope  tliiit  the  completion  of  the 
Phanerogamia,  with  which  this  great  work  may  be  expected  to 
close,  is  not  far  distant.  But  the  death  of  General  Munro,  who 
would  have  helped  greatly  in  the  grasses,  is  a  drawback.  It 
should  be  understood,  however,  that  no  order  and  no  group  of 
plants  whatever  has  been  taken  from  the  hands  of  any  collabora- 
tor or  monographer.  The  work  has  all  been  done  from  nature, 
at  first  hand  by  the  authors  themselveB, — a  thing  that  has  never 
been  done  before  in  a  Genera  Plantarum,  since  that  of  JusHien, 
and  hardly  then. 

This  notice  may  be  confined  to  indication  of  changes,  SDch  as 
may  concern  North  American  botany. 

The  monochlamydeous  (otherwise  called  apetalnae)  series  of 
orders  begins  with  the  Nyctaginea.  The  leading  genus  MirabUit, 
being  still  allowed  to  embrace  Quamoclidion,  their  great  difficulty 
was  m  keeping  it  clear  of  Oxybapkua.  In  this  country  we  had 
regarded  the  anthocarp  as  most  distinctive ;  but  the  present  work 
prefers  the  form  of  the  perianth  and  the  texture  of  the  involucre, 
but  with  hardly  an  improved  result.  Senkenbergia  (Tiinontia), 
which  we  had  reduced  to  Mcerhaavia,  is  well  restored. 

The  niecibracecB  [Paronychiece),  excluded  from  their  associi- 
tion  with  the  Caryophyllacem,  here  find  their  natural  place  next 
the  Amarantaceee,  and  Aehyronychia,  which  is  referred  to  it,  bu 
a  second  species,  one  of  the  new  things  in  the  recent  Mexican  ool- 
lectioQ  of  Parry  and  Palmer. 
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In  the  succeeding  order,  Amaranhu  is  restored  to  its  old 
limits,  includiDg  not  only  Euxohts  and  Mengia^  but  also  Amblo- 
gyne.  Ac?iida  properly  takes  in  Montdia^  and  a  bad  oversight  of 
Gray's  Manual  is  corrected.  As  was  to  be  expected,  Cladothrix 
of  ]N  uttall  takes  generic  rank. 

Chenopodiacece  are  considerably  extended,  by  some  genera 
which  were  ambiguous  between  this  and  the  preceding  order,  and 
Btill  more  by  the  inclusion  of  the  Basellece,  Sarcobatus  forms  a 
Bubtribe.  '^The  old  difficulty  of  limiting  Chenopodium  and  Blitxim 
is  effectually  surmounted  by  reducing  the  latter  to  one  of  the  five 
sections  of  the  former.  Teloxys  is  of  course  a  Chenopodium^  and 
Obione  is  not  distinguished  even  sectionally  from  Atriplex,  The 
important  distinction  between  the  plane-appressed  fructiferous 
bracts  of  Atriplex  and  its  allies,  and  tne  conduplication  and  union 
of  these  bracts  in  Suckleya  and  the  three  genera  associated  with 
it  upon  the  establishment  of  the  latter  genus,  is  not  as  prominently 
exhibited  as  it  would  have  been  by  the  adoption  of  the  subtribe 
JEurotieas, 

3atis^  with  a  single  species,  stands  for  an  order  Batidece. 

PolygonaceoB  are  marked  by  the  introduction,  between  the 
Eriogone(B  and  the  Eupolygonece^  of  a  tribe  Kcetiigiece^  which 
besides  the  typical  genus  and  its  evident  relative  PterostegiUy  is 
made  to  include  Lastarricea^  NemacatUis,  and  HoUisteria^  whose 
affinities  are  more  Eriogoneous.  Sereno  Watson's  natural  arrange- 
ment of  Eriogonum  is  adopted ;  but  Centroategia  is  kept  distinct 
from  Chorizanthe. 

The  Piperacece  include  the  Saururece,  and  Anemopais  is  reduced 
to  ffotUtynia. 

The  great  order  Laurinece  is  thoroughly  revised ;  but  all  that 
concerns  us  is,  that  our  Califomian  Laurel  is  removed  from 
Tetranthera  or  rather  Litsea  Lam.,  and  one  of  the  two  generic 
names  which  Nuttall  applied  to  it  is  used  for  this  at  length  well 
characterized  genus,  viz :  UmbeUularia^ — not  a  good  name,  but 
it  will  serve. 

In  Santalacece^  the  still  incompletely  known  genus  Darbya  is 
well  removed  from  Comandra^  to  which  DeCandolle  referred  it : 
whether  it  is  here  rightly  joined  to  Buckleya  can  be  known  only 
when  female  flowers  or  fruit  are  discovered.  These  are  special 
desiderata.  The  plant  (a  low  shrub)  is  to  be  sought  between 
Lincolnton,  North  Carolina,  and  Macon  in  Georgia ! 

The  immense  order  Euphorbiaceoe  has  been  studied  anew,  the 
great  labors  of  Bail  Ion  and  of  J.  Mtlller  duly  weighed,  and  the 
result  is  that  six  tribes  are  admitted  under  simple  characters,  and 
the  ample  sixth  tribe,  Crotonece^  is  divided  into  eight  subtribes. 
The  views  adopted  have  been  expounded  by  Mr.  fientham  in  a 
memoir,  some  notice  of  which  has  appeared  in  this  Journal.  The 
genera  nearly  reach  200,  and  there  are  over  3000  described 
species.  We  have  soon  to  add  a  North  American  representative 
of  the  StenoldiecBy  and  of  the  biovulate  division,  connecting  with 
the  PhyUantJiece  Beverchonia  of  northwestern  Texas  ana  adja- 
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oent  Arkftnsaa.  The  male  flowen  of  it  are  still  wanting.  Nit- 
tail's  Alphera  is  a  section  of  the  genus  which  is  here  giyca  as 
^Argiihamnia  Swartz,  Prodr.,"  out  which  b^na  as  ^^W 
tfutmnia  of  Patrick  Browne,  a  contemporary  of  LiniuBii&* 

The  order  Urticcusem  is  adopted  in  the  older  and  extended  fan, 
including  the  Ulmem^  CeUtdeoB^  Cannabinea^  Mortm^  Aftoearpm, 
etc.,  as  tribes.  A  main  ejection  to  this  view  is  snrmoanted  by  re- 
garding the  pistil  in  all  of  them  as  monocarpellary,  and  the  two 
stigmas  of  IJlmns  and  the  like  as  divisions  of  one  or  half-atigmai| 
after  the  analogy  of  many  Mqi^hcrbiaeecB,  Fkus  is  reatoied  to  its 
or^nal  proportions. 

The  ambiguous  or  anomalous  ffenus  LeUmeria  of  CSiapman,  of 
which  there  is  said  to  be  a  second  species  in  Texas,  stands  as  aa 
order  LeUnerie<Bj  which  we  crave  leave  to  write  LeUn&riaemM, 

The  Cupultferm  are  made  to  include  not  only  the  Corj^&B  bat 
the  Behilaeem  also— which  seems  to  be  going  too  far. 

SmpetraeecB  and  Ceraiaphj/UecB  are  amone  the  Bupplementsij 
orders  which  close  the  series.  The  compound  pollen-grains  of  the 
former,  after  the  Ericaceous  type,  have  not  been  notioed. 

The  Gh/fnno9permecB  consist  of  the  OneUiC609j  Con^fBtatf  takes 
in  the  largest  sense,  and  CycadaeeoB.  This  notice  is  alrttdy  too 
long  to  admit  of  an  analysis  of  the  treatment  of  the  moat  iai- 
portant  order  CanifercB^  which  is  to  a  good  degree  ori^nal; 
and  some  points  need  to  be  pondered,  before  pronoiincing  aa 

*  The  history  of  this  name  and  of  its  changes  is  carioos  and  ndses  a  nkae  poiit 

in  the  application  of  the  rules  of  nomenclature.  Patrick  Browne  founded  it  is 
tlie  year  1766,  wrote  the  name  Argythamnin^  but  gave  no  etymology.  It  is  pretty 
clearly  inferable  that  lie  had  a/y}ty>of  in  view,  that  he  should  have  written  Ar^ 
rothiimnia.  We  suppose  that  he  shortened  it  in  a  way  at  that  time  and  since  not 
very  uncommon,  romomberiog  the  warning  of  Linnaeus  against  verba  aeaquipedaiia 
Unnecessary  as  it  was  in  this  case,  it  was  a  trivial  curtailment  compared  with 
Rafincsquc's  Nemapanthes^  razeed  from  Kemopodanthes.  which  no  botanist  has 
attempted  to  i*estore  to  its  full  proportions.  A<ianson  adopted  the  genus  under 
Browne's  name  in  1763.     So  did  Swartz  in  his  Prodromus  in  1788. 

Argithanmia,  however,  is  the  form  adopted  by  Swartz  in  his  Flora,  in  1797, 
remarking  that  Browne  derived  the  first  part  of  the  name  either  from  apyoc, 
white,  or  from  up^-vpeoc,  silvery.  But  if  from  the  latter,  Swartz  should  hive 
written  Argyreothamnia,  if  from  Uie  former  Argothamnia. 

Acting  doubtless  on  tlie  principle  that  if  the  orthography  of  a  name  might  be 
changed  to  make  it  correct,  it  might  be  further  changed  to  render  it  quite  correct, 
Sprengel  in  his  turn  wrote  it  Argothamnia^  and  Mueller  of  Argan,  ArgyrotkafMu«L 
Now  all  these  changes  from  first  to  last  violate  the  rule  (which  is  not  without  ex- 
ceptions) that  botanical  names  should  be  retained  in  their  orginal  form.  Atletrt 
mere  improvement  is  no  warrant  for  alteration.  Mistakes  may,  indeed,  be  cor- 
rected. Thus  Nuttall's  genus  Wisteria,  in  honor  of  Dr.  Wirfar,  was  properly  cor- 
rected to  Wifftaria,  in  conformity  with  the  rule  that  personal  names  should  retain 
their  orthography  as  nearly  as  possible.  But  upon  our  theory  Argythamnia  wis 
not  a  mistake.  Bentham  and  Hooker  have  acted  upon  the  principle  of  preserving 
the  original  orthography;  only  they  took  the  genus  to  originate  with  Swvtx, 
passing  by  Browne,  evidently  because  he  did  not  use  Linnsean  spocific  namest 
though  that  could  not  affect  the  worth  of  his  genera.  If  they  had  adopted  the 
genus  from  Browne's  original,  or  from  Adanson  who  took  it  up  in  1763,  orfroa 
Swartz's  Pro.iromus  (1788),  or  from  Jussieu  in  1789,  eight  years  before  Swartz  is 
his  Flora  wrote  ArgOhamnia^  we  cannot  doubt  that  they  would' have  held  to  the 
original  form,  Argythamnia. 
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opinion.  Suffice  it  to  remark  that  the  three  classical  suborders 
are  suppressed  (our  authors  are  not  fond  of  suborders),  and  the 
whole  are  disposed  under  six  tribes,  the  leading  characters  of 
which  are  taken  from  the  direction  of  the  ovules.  Two  of  them, 
the  Podocarpece  and  the  AratusariecB^  which,  like  the  Abietinece, 
have  reversed  ovules,  do  not  here  concern  us. 

TTiuya  is  written  irf  this  unclassical  form  in  which  it  came  into 
botany  through  the  old  herbalists,  adopted  by  Tournefort  and 
liinnflBus.  It  is  made  to  include  not  only  Thuyopsis  and  JBiota^ 
but  even  Chamcocyparis  {Retijioapora^  etc.),  which  the  arboricul- 
turists will  hardly  like.  We  must  wonder  it  was  not  extended 
to  Jjibocedriis  also,  at  least  to  the  species  of  the  northern  hemi- 
sphere. 

Tctxodium^  we  are  glad  to  notice,  takes  in  Olyptoatrohus.  It  is 
also  gratifving  that  Sequoia  goes  into  the  same  tribe,  on  the 
strength  of  the  ovules  being  ascending  or  at  least  porrect  at  the 
outset,  though  the  seed  is  reversed.  The  notewortny  fact  comes 
to  light  that  Athrotaxia  of  Tasmania  is  very  nearly  related  to 
Sequoia,  It  should  not  be  surprising  that  a  type  so  early  devel- 
oped and  widely  diffused  of  old  should  have  representatives  in 
the  southern  hemisphere. 

In  the  Abieti7ieas^  the  received  genera  are  Piny  a  in  the  restricted 
sense,  Cedrus^  Picea  (for  the  Firs,  i.  e.  Balsam  Firs),  Tstiya 
(Hemlock  Spruces  and  T,  WiUiamaonii)^  Psettdotsuya  (the 
Douglas  Spruce),  Abies  (the  true  Spruces),  Larix^  the  Larches. 
To  the  latter,  rather  than  to  Cedrus^  Paeudolarix  is  appended, 
awaiting  a  knowledge  of  its  male  flowers. 

Many  and  profound  are  the  thanks  due  from  all  systematic 
botanists  to  the  authors  of  this  Genera  Plantarum.  a.  g. 

2.  On  the  Popular  Names  of  British  Plants^  being  an  Et^- 
plcmation  of  the  Origin  and  Meaning  of  our  indigenous  arid 
most  commonly  cultivated  Species,  By  R.  C.  A.  Prior,  M.D., 
etc.  Third  Edition.  London,  F.  Norgate,  1879.  pp.  294,  12rao. 
— ^This  book,  full  of  interesting  and  curious  lore,  must  have  had 
the  success  it  merits,  for  it  is  now  passed  to  a  third  edition.  The 
preceding  one  was  issued  in  1870.  There  is  no  specification  of 
the  changes  which  have  been  made  in  it,  and  the  increase  in  size 
is  of  only  four  pages.  But  the  scrupulous  carefulness  of  the  au- 
thor warrants  the  assumption  that  it  has  received  all  needful 
supervision. 

what  we  here  need  is  a  supplement  to  Dr.  Prior's  volume, 
recording  the  changes  which  have  occurred  in  the  application  of 
English  popular  names  to  North  American  plants,  and  giving  the 
history  and  application  of  our  indigenous  plant-names.       a.  g. 

3.  botanical  Necrology : — 

John  Carey— of  whom  few  of  the  botanists  of  our  day  can 
have  a  personal  remembrance — died  at  Blackheath,  near  London, 
March  26,  ult.,  in  the  83d  year  of  his  age.  He  came  from  Lon- 
don to  the  United  States,  in  the  spring  of  1830,  accompanied  by 
three  young  and  motherless  children  and  by  his  brother,  Samuel 

Am.  Joub.  Sci.— Third  Sbribb,  Vol.  XIX,  No.  118.— Mat,  1880. 
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T.  Carer,  who  was  also  addicted  to  Botany.    Both,  we  hdiefiL 
were  Fellows  of  the  linnean  Society,  and  were  near  friendt  d 
Thomatf  Bell,  afterwards  the  president  of  that  societ^r,  who  ako 
lived  to  a  good  old  age,  dying  only  a  few  weeks  euher  than  Ae 
subject  of  this  notice.    Samnd  T.  Carey  remained  in  the  oity  sf 
New  York,  in  active  business,  and  so  was  only  an  amateur  bota> 
nist.    His  brother  John,  went  into  the  country,  first  to  Towuds, 
in  the  northern  part  of  Pennsvlvania,  then  to  Bellows  Falls,  Ye^ 
mont,  where,  giving  much  of  nis  leisure  to  botanical  pursuits,  l» 
resided  until  tne  ^ear  1886,  when  he  removed  to  New  Yoik,  upon 
the  entrance  of  his  sons  into  Columbia  College.    He  did  not  enter 
into  business,  but  his  administrative  talents  and  great  worth  wars 
so  appreciated  that  he  was  at  various  times  called  to  very  respoa- 
rible  temporanr  positions.    These  positions,  although  nnaooght^ 
were  not  unwelcome,  for  no  small  part  of  the  moderate  ptopertf 
he  brought  from  England  had  been  lost  in  investments  mm 
through  reliance  upon  the  honor  and  probity  of  defaulting  Statea 
From  the  time  of  his  arrival  in  the  United  States  down  to  thi 
year  of  his  return  to  Eneland  in  185S,  most  of  his  leisure  was 
given  to  botany,  and  much  of  it  in  companionship  with  the  pr» 
ent  writer,  who  was  generously  and  greatly  assisted  bv  him  la 
many  critical  studies.    The  proofs  of  the  writer's  first  botaoksl 
book  were  revised  by  him;  and  to  the  first  edition  of  the  Maaosl 
of  Botany  Mr.  Carey  contributed  the  articles  on  SaiUet  and  «■ 
OcnreXj  at  that  time  the  two  most  difficult  parts  of  the  woik.    b 
the  year  1841  the  two  made  a  botanical  journey  together  into  the 
monntainB  of  North  Carolina,  extending  to  the  Grandfather  and 
to  the  Roan,  though  a  mishap  upon  the  former  rooantain  pre- 
vented Mr.  Carey  From  reaching  the  latter.     After  the  establish- 
ment of  the  writer  at  Cambridge,  Mr.  Carey  was  his  frequent  guest 
and  an  invaluable  companion.     His  botanical  career  may  be  said 
to  have  closed  in  the  year  1852.     In  that  year  be  returned  to  fing- 
land,  alone,  having  successively  lost  his  aged  mother  and  his  two 
younger  sons,  and  seen  the  older  son  happily  established  in  mar- 
riage.    He  engaged  for  several  years  in  business,  in  connection 
with  a  friend  of  his  youth,  whose  daughter  he  soon  married,  but 
lost  within  three  years,  after  the  birth  of  the  second  of  two  chil-    i 
dren,  the  solace  and  comfort  and  care  of  a  serene  old  age,  who 
survive  to  perpetuate  his  name,  as  we  trust,  on  that  side  of  the    I 
ocean  also.     Mr.  Carey's  first  herbarium  was  destroyed  by  a  calam- 
itous fire  in  New  York,  at  the  time  of  the  death  of  his  voungest 
son.     American  botanists  vied  with  each  other  in  the  endeavor  to 
repair  this  serious  loss,  and  another  large  collection  of  United 
States  plants  was  foimed,  critically  studied,  and  carefully  anno* 
tated.     This  was  presented  to  the  Kew  Gardens  Museum  eleven 
years  ago.     Several  species  of  United  States  plants  commemorate 
this  honored  name,  among  them  a  Saxifrage,  which  was  discovered 
upon  the  excursion  to  the  mountains  of  North  Carolina,  where  the 
survivor  of  the  party  re-collected  it  last  summer.     The  almost  sole 
survivor  of  a  botanical  circle,  of  which  Torrey  was  the  center, 
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Badly  bat  serenely  pays  the  tribute  of  this  brief  note  to  the  mem- 
ory of  a  near  and  faithfdl  friend,  an  accomplished  botanist,  a 
genial  and  warm-hearted  and  truly  good  man.  a.  g. 

Ode  F.  Austin  died  at  his  home  in  Closter,  New  Jersey,  on 
the  18th  of  March,  ult.,  in  the  49th  year  of  his  age.  He  was  one 
of  the  original  members  of  the  Torrey  Botanical  Club,  in  which 
he  will  be  much  missed,  and  he  was  for  some  years,  during  its 
founder's  lifetime,  the  curator  of  the  Torrey  heroarium.  He  was 
a  very  zealous  and  sharp-sighted  botanist,  and  he  followed  his 
bent  and  pursued  his  investigations  under  many  difficulties  and 

Srivations.  He  contributed  the  article  Lemnacem  to  Gray's 
[anual  in  1867,  has  described  several  new  species  of  PhsBnoga- 
mous  plants ;  but  has  for  a  long  while  devoted  himself  most  un- 
tiringly to  Muscology,  in  which  he  was  an  adept.  In  a  knowledge 
of  SepcUiccB  he  was  unrivalled  in  this  country,  and  he  fortunately 
enjoyed  good  opportunities  for  their  study,  the  late  Mr.  Sullivant 
having  long  ago  made  over  to  him  all  his  books  and  specimens 
relating  to  this  order.  He  was  to  prepare  a  manual  of  the  North 
American  Hepatic  Mosses,  and  pertiaps  has  in  good  part  done  so, 
though  it  is  to  be  feared  that  it  is  not  completed.  His  last  botan- 
ical work,  finished  upon  the  eve  of  fatal  illness,  was  the  descrip- 
tion of  the  JSepaticce  of  California  for  the  second  volume  of  the 
Botany  of  California,  now  in  press.  Several  years  ago  he  pub- 
lished McsicccUi  of  the  Mosses  of  the  Atlantic  United  States,  and 
later  sets  of  our  Hepaticm^  embodying  an  immense  amount  of 
labor  in  their  collection — in  travel,  mostly  on  foot,  through  the 
Southern,  Eastern  and  Middle  States — no  less  than  in  their  inves- 
tigation. We  believe  that  these  sets  remain  in  good  part  unsold ; 
and  it  is  hoped  that  they  will  now  be  offered  to  botanists  and 
secured  by  them  to  thieir  advantage,  and  to  the  benefit  of  the 
family  of  the  deceased.  No  botanist  ever  had  a  quicker  eye  for 
the  detection  of  dififerences  than  Mr.  Austin,  or  a  more  unreserved 
devotion  to  a  favorite  pursuit.  a.  g. 

4.  On  a  collection  of  Crustacea  from  Virginia^  North  Caro- 
lina^ and  Florida^  with  a  revision  of  the  genera  of  Crangonidoe 
and  Palcemonidce  ;  by  J.  S.  Kingsley.  (From  Proc.  Acad.  Nat. 
Sci.  Phila.  for  1879,  pp.  383-427,  pi.  14.  No  date:  received 
March,  1880). — This,  the  longest  of  Mr.  Kingsley's  papers  on 
American  crnstacea,  notices  about  100  species  (9  of  which  are 
described  as  new),  and  is  the  most  complete  list  yet  published  of 
the  Crustacea  of  the  coast  of  the  Southern  States.  It  is  based 
upon  collections  made  by  I*rof.  Webster  of  Union  College.  De- 
capoda  only  are  included  and  of  these  the  Pagurioidea  are  omitted. 
The  paper  covers  partially  the  same  ground  as  Mr  Kingsley's 
"  List  of  the  Decapod  Crustacea  of  the  Atlantic  coast,  whose 
range  includes  Fort  Macon"  (op.  cit.,  1878,  pp.  316-330),  and  is 
a  marked  improvement  upon  it.  Attention  should  be  called, 
however,  to  a  few  of  the  mistakes  noticed  in  a  cursory  examina- 
tion. In  extending  the  range  of  Leptopodia  sagittaria  to  Chili 
on  the  authority  of  A.  Milne  Edwards'  identification  of  X.  debilis 


with  that  fipecics,  tlip  author  overlooks  Miine  Edw&rds'  s 
in  th«  name  paragraph  that  X.  Bagitfaria  Edwards  and 

a  distioct  Bpecies  for  which  the  name  modesta  is  pronosed.    Ai 

apin^era  (bu.  nov.)  appears  to  be  ^.  acantha  A.  miloe  EdwnrJf, 
which  has  been  well  figured  twice;  and  if  not  Milne  Edwards' 
species  it  ahonid  have  been  compared  with  it  rather  than  with  A. 
fiirautUMnia.  Eupilumnus  Wehaterl  {gen.  et  sp.  oov.),  figured 
aud  very  brieflj'  described  from  a  single  specimen  waotiag  the 
ohelipeds,  is  evidently  not  very  closely  alliea  to  PHumntu  and  is 
apparently  based  on  a  yoang  Hpecimi'n  of  Domacea  /ii»pida^  which 
had  already  been  reported  from  the  Florida  reefs  by  Stimpson. 
Moreover,  the  name  Supiliimnua  is  preoccupied,  having  been  used 
(according  to  the  Zoological  Record  for  1877)  by  KosBitiann  for 
a  division  of  the  old  genus  Pilumnut.  In  attempting,  in  a  fool- 
note  on  p.  406,  to  "  straighten  the  synonymy  of  two  species  of 
PetrolMUtta"  the  confusion  in  the  synonymy  of  one  of  the  species 
IB  inoreaHcd.  Petrolisthea  HeUeri  is  proposed  for  Porceiiana  2>flM« 
Heller  (uon  Gibbes),  regarded  by  Heller  as  the  name  as  Pored, 
amiatn  Dana  (non  Gibbes).  Dana,  however,  discovered  that 
his  name  armuta  was  preoccupied  and,  in  the  appendix  to  bis 
great  wort,  p.  169S,  ana  in  the  explanation  lo  the  plates,  tinbsti- 
tuted  epiuuligera  for  his  species,  though  this  has  been  overlooked 
by  Stimpson  and  Heller  as  well  as  by  Kingsley.  The  reason  far 
the  reference  of  the  species  to  Peirolinthet  is  not  apparent,  for 
Stimpson  retained  Dana's  species  in  the  restricted  genus  Poreet^ 
town  and,  at  least,  it  has  no  appearance  of  being  a  Jh;troHMa. 

Under  Caridea  there  is  a  useful  revision  of  the  genera  of  Cr»o- 
gonidce,  Atyidie,  and  Palffimonidte,  tliough  one  is  occasionally  left 
m  doubt  as  to  the  limits  of  the  genera  adopted;  as  in  the  case  of 
the  first  genus,  CraugMi,y/hiDh  is  said  to  include  •Steiraerans/on 
Einaban,  while  no  mention  whatever  is  made  of  the  same  author's 
CheraphiluB,  which  has  recently  been  adopted  by  G,  O.  Sars  and 
by  Miers.  A  peculiar  misuse  of  "  ibid.",  which  the  proof-reader 
ought  to  have  corrected,  might  be  overlooked  did  it  not  recur  bo 
persistently  in  nearly  all  of  Mr.  Kingsley's  papers,     s.  i.  aurm. 

5.  The  Crat(fiah:  an  Infroduction  to  the  Stviiy  ^  Zooiogy, 
by  T.  H.  HnxLET.  371  pp.  (fvo.  New  York,  1880  (6.  Appleion 
&  Co.) — This  last  volume  of  the  International  Scientific  Series  is 
far  more  interesting  than  ordinary  text-books  of  Eoology  and  well' 
deserving  of  careful  study.  Though  it  treats  specially  of  the  natoral 
history,  physiology,  morphology,  comparative  morphology,  dii- 
tribution,  and  origin  of  crayfishes,  it  admirably  fulfills  the  antfaor'i 
desire,  as  expressed  in  the  preface,  "  to  show  how  the  careful  study 
of  one  of  the  commonest  and  most  insignificant  of  animals,  lead* 
us,  step  by  step,  from  every-day  knowledge  to  the  widest  general- 
izations and  the  most  difficult  problems  of  stoology."  A  large 
part  of  the  excellent  wood-cut  illustrations  are  new,  aud  many  are 
unusually  beautiful  for  a  work  of  this  class.  The  figures  (after 
Bate)  on  page  282,  arc  of  Carcinut  nueruu,  not  C'tweer  pagvnu 
as  labeled.  a.  i.  svmi. 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  On  the  movement  of  Glaciers, — A  series  of  careful  measure- 
ments has  been  made  by  K,  R.  Koch  and  Fr.  Klocke  on  the 
Morteratsch  glacier  in  Eastern  Switzerland.  Their  object  was  a 
somewhat  different  one  from  that  of  previous  observers,  as  they 
desired  to  determine  whether  in  its  general  downward  course  the 
movement  was  uniformly  forward,  or  whether  discontinuous  cr  at 
times  backward.  The  investigations  were  limited  to  the  observa- 
tion of  the  movement  of  a  point  of  the  surface  in  a  vertical  plane 
parallel  to  the  length  of  the  glacier.  The  method  employed  was 
as  follows:  Two  scales,  perpendicular  to  one  another,  were  so 
attached  to  the  glacier  that  one  stood  vertical  and  the  other  hori- 
zontal, and  their  movements  in  their  respective  directions  were 
noted  by  means  of  a  fixed  telescope  at  a  distance. 

The  observations  were  canned  on  in  the  day  time  from  August 
28  to  September  6  (18Y9).  The  station  was  situated  on  the  west 
side  of  the  glacier,  about  a  mile  from  its  lower  end.  It  was  fa- 
vorably placed,  both  since  it  afforded  a  perfectly  firm  base  for  the 
telescope,  and  also  because  as  at  this  spot  the  mass  of  the  glacier 
is  without  any  very  considerable  crevasses,  either  longitudinal  or 
transverse,  it  was  likely  to  be  free  from  accidental  variations. 
The  stake  to  which  the  scales  were  attached  was  imbedded  a  foot 
and  a  half  in  the  ice,  and  to  prevent  any  melting  at  the  spot  a 
pile  of  ice  a  foot  in  height  was  made  about  it  and  then  this  cov- 
ered with  stones  and  gravel.  A  stake  so  planted  remained  per- 
fectly firm  and  suitable  for  observations  for  some  four  days.  The 
telescope  was  placed  on  the  shore  and  protected  from  the  sun. 
The  two  series  of  observations,  carried  on  independently  by  each 
observer,  were  found  to  agree  satisfactorily.  The  scales  them- 
selves were  divided  into  half  centimeters,  but  could  be  read  by 
estimate  to  millimeters.  As  a  control  over  the  observations,  and 
to  prove  that  the  movements  were  really  those  of  the  glacier  and 
not  of  the  rod  itself,  a  second  signal  was  planted  in  the  ice  near 
enough  to  the  first  to  be  included  in  the  same  field  of  view  ;  it 
was  found  that  the  movements  of  both  corresponded  closely. 

As  examples  of  the  results  obtained,  the  measurements  on 
September  3  and  4  are  taken,  the  first  was  a  perfectly  clear  and 
cloudless  day,  while  on  the  second  the  sky  was  (especially  in  the 
rooming)  covered  with  cumuli,  and  the  glacier  only  partially  af- 
fected by  the  sun's  rays.  The  results  may  be  stated  as  follows  : 
for  scale  I  (35  meters  from  the  edge  of  the  glacier)  the  move- 
ment during  the  afternoon  was  slight,  both  honzontally  and  ver- 
tically, and  this  downward  ;  later  in  the  afternoon  the  movement 
diminished  still  more  and  finally  ceased.  During  the  night  there 
was  a  movement  of  the  point  vertically  upward  and  horizontally 
toward  the  valley.  When  the  sun's  rays  first  fell  upon  the  ice, 
and  from  then  to  midday  the  movements  were  quite  irregular, 
then  the  movement  downward  again  began  and  the  preceding 
effects  were  repeated. 
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The  oonrse  of  scale  II,  90  meters  from  the  edge  of  the  fldioHi^ 
was  in  part  simikr ;  that  is,  downward,  honiontally  mnorati- 
cally,  during  the  afternoon  until  4  o'clock  p.  k.,  when  it  was  sta- 
tionary ;  on  the  other  hand,  daring  the  night  tihere  wma  a  stray 
backward  movement  (as  much  as  9*9  cm!},  while  yertically  At 
movement  was  Mght ;  from  sunrise  till  midday  as  in  the  othsr 
case  the  movements  were  quite  irregular.  Similar  results  wen 
obtained  for  another  point  situated  about  three>fiflhs  of  a  mik 
higher  up  on  the  glacier. 

The  magnitude  of  the  movements  referred  to  will  be  seen  from  Iks 
following  table,  where  the  measurements  are  given  in  oentimeten: 
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Vertl. 
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«d 
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+  0-6 
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-0-1 
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12.30-  1 

-.0-2 

±0-0 

+  0-6 
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+w 

1.30-  2 

+  0-2 

+  0-3 

+  0-6 

+  0-3 
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+  2-3 

+0-2 

+  21 
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+  0-1 

+  0-6 

+0-9 

+0-6 

8.30-  9 

+0-7 

-0-3 

+  1*7 

+3^ 
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+  01 

-0-1 

+  0-3 

±0-0 

9     -  9.30 

-1-6 
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+0-4 

+•4 
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-0-4 
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±0-0 

±0-0 

9.30-10 

-01 

+ri 

+  1-6 

+1-0 

6-6 

+  0-8 

-0-1 

-0-8 

±0*0 

10     -10.30 

+0-7 

+0-8 

+  2-3 

+rs 

6     -6ajl 

+  2-3 

-1-0 

-6-2 

+  1-0 

10.30-11 

+  1-8 

-0-4 

—0^ 

-i-s 

11     -1L30 

-0-8 

-0-2 

+0^ 
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+0-8 

+  0* 

The  observations  on  the  following  day  correspond  with  those 
given  except  that  the  movements  were  less  decided,  counected,  it 
IS  believed,  with  the  less  intense  action  of  the  sun's  rays.  The 
authors  conclude  that  the  movement  of  a  glacier  is  far  from  be- 
ing a  uniform  one ;  on  the  contrary,  that  one  and  the  same  poiDt 
may  have  a  motion  now  up,  now  down,  both  vertically  and  nori- 
zontally ;  further  than  this,  that  two  points,  at  a  distance  of  say  50 
to  60  meters,  may  move  at  a  different  rate  or  even  in  different 
directions.  They  promise  to  carry  on  a  similar  series  of  obse^ 
vations,  on  a  much  larger  scale,  in  the  coming  summer.  These  are 
in  fact  needed  to  establish  the  conclusions  they  draw,  and  to  show 
that  the  observations  have  anything  more  than  a  local  signifi- 
cance.—  Wiedemann'* 8  Annahn^  viii,  60 1. 

2.  Volcanic  action  in  Dominica. — Dr.  H.  A.  A.  Nichols, 
who,  we  believe  is  Surveyor-general  of  Dominica,  publishes  in  Na- 
ture (xxi,  p.  372)  an  interesting  letter  describing  an  eruption  in 
that  island,  shortly  after  11  o'clock,  a.  m.,  on  January  4.  lu  the 
town  of  Roseau,  the  capital  of  the  island,  the  phenomena  con- 
sisted of  a  very  heavy  rain,  accompanying  a  fall  of  light  gray 
ashes,  which  covered  the  ground  to  the  depth  of  a  quarter  of  an 
inch.  The  Roseau  river,  which  rises  near  the  volcanic  district^ 
became  a  torrent  of  opaque  white  water.  The  scene  of  the  erup- 
tion is  about  eight  miles  east  of  Roseau,  and  the  ashes  were 
blown  westward  by  the  trade  wind,  in  a  belt  one  and  a  half  miles 
wide,  and  extending  at  least  four  miles  out  to  sea.     The  crater 
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-was  visited  on  Jannary  1 2,  and  was  found  to  be  an  old  one  re- 
opened in  the  forest  about  a  mile  southwest  of  the  Boiling  Lake, 
and  to  be  some  600  feet  deep.  There  was  no  earthquake,  or  at 
least  none  felt  at  Roseau.  There  was  no  flow  of  lava  and  not 
much  evidence  of  fire,  the  eruption  consisting  of  ashes  and  a  gray 
mud,  of  which  an  enormous  quantity  was  thrown  out.  The  ashes, 
a  pint  measure  of  which  without  compression  weighed  21  ounces 
and  15  drachms,  were  analyzed  and  found  to  contain  ferric  sulphide, 
magnesia,  potash,  soda,  silicon,  sulphur,  carbon,  oxides  of  iron, 
lead  and  alumina,  with  traces  of  other  substances.  c.  «.  k. 

3.  The  Microphone  as  a  Seismometer,  (From  a  note  in  the 
Japan  Gazette,  quoted  in  Nature,  xxi,  p.  382.) — It  appears  that 
Professor  Milne  of  Tokio,  has  employed  a  special  form  of  micro- 
phone to  detect  seismic  tremors  too  slight  to  affect  the  ordinary 
seismometers.  The  similar  use  of  the  instrument  by  Professor 
M.  di  Rossi  at  Rome,  two  years  ago,  has  already  been  noticed  in 
this  Journal,  xviii,  p.  169.  Professor  Milne's  microphones,  the 
special  form  of  which  is  not  described,  were  buried  in  pits  round 
about  the  house  and  at  a  distance  from  roads,  precaution  being 
taken  to  exclude  insects,  which  might  disturb  the  sensitive  appa- 
ratus. Under  these  circumstances,  it  would  seem,  that  for  some- 
time before  an  earthquake  shock,  the  telephone  gives  signs  of 
crackling  in  the  earth  as  if  it  were  exposed  to  an  increasing 
strain,  under  which  it  finally  gives  way,  and  produces  the  vibra- 
tion of  the  earthquake.  c.  g.  r. 

OBITUARY. 

The  naturalist  Wm.  Ph.  Schimper  died  at  Paris  on  the  20th  of 
March.  This  celebrated  author  was  born  at  Dosenheim,  a  village 
of  Alsatia,  Jan.,  1808.  At  the  time  of  his  death  he  was  Professor 
of  Geology  and  Director  of  the  Museum  at  the  University  of 
Strasburg. 

As  botanist  he  first  gave  especial  attention  to  the  study  of 
Mosses.  With  the  cooperation  of  Ph.  Bruck  and  Th.  Gtlmbel, 
two  of  his  countrymen  mterested  in  the  same  kind  of  researches, 
be  began  in  1836  the  publication  of  the  Bryologia  Europaa  which 
occupied  twenty  years  of  his  life.  This  work,  a  grand  scientific 
monument,  contains  in  six  quarto  volumes  a  detailed  description 
of  all  the  species  of  Mosses  known  in  Europe,  each  illustrated  by 
a  full  plate  of  figures,  beautifully  and  exactly  reproducing  the 
characters  of  the  divers  parts  of  the  plants  and  of  their  variations. 

This  production  gave  Prof.  Schimper  an  eminent  and  well- 
merited  place  in  the  scientific  world,  for  it  was  mostly  the  result 
of  his  own  labors ;  Bruck  having  died  long  before  it  came  to  an 
end,  while  the  cooperation  of  Gtlmbel  was  only  temporary. 

As  a  compendium  to  the  Bryologia  Europaja,  Schimper  pub- 
lished, in  1857,  a  memoir  on  the  history  of  the  Sphagnum^  a 
quarto  volume  with  fourteen  plates,  splendid  illustrations  of  the 
germination,  the  progress  of  development,  and  characters  of  these 
plants  of  the  family  which  he  separated  from  the  Mosses  on 
account  of  their  derivation  from  a  proth alius  like  the  Lichens. 
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In  ld60  he  pabliflhed,  in  Latin,  a  synopua  of  the  Enropetti 
MoflBeSy  preceded  by  a  history^  of  Bryologryt  and  an  ezpoeitioii 
of  the  general  charaoters  of  this  order  of  puuits,  with  tyatematic 
tables,  maps  representinff  the  ^[eograpbi^  diatribation  of  the 
spedes,  and  plates  for  ulnstrations  <^  the  genera.  A  second 
greatly  enlarj^  edition  of  the  work  was  pabbdied  in  1896. 

The  mnsenm  of  Strasbnrg  was  already,  when  Schimper  became 
its  director,  yery  rich  in  specimens  of  fossil  pbuits.  A  laif^  po^ 
tion  of  the  materials  published  by  Broogniart  in  his  Vigtiaux  jpbs* 
sUeB  had  been  deriyed  from  it.  Schimper  had  there  favorable 
opportunities  to  satisfy  his  taste  for  yegetable  paleontoh^,  a 
branch  which  had  been  part  of  his  study  in  the  German  nniversitiei. 
An  intimate  fnend  am!  collaborator  of  Hugo  Mohl,  Alex.  Braan, 
and  other  Gterman  physiologists  of  celebrity,  he  had  acquired  gresi 
proficiency  in  the  anatomy  of  the  ve^talAe  ornns.  Already,  in 
1840,  he  published,  with  the  cooperation  of  A.  Ni^geot,  a  mono- 
graph of  the  fossil  plants  of  the  €hriB  bigamri  dm  Va$ff€S.  Later, 
m  1862,  another  work  of  the  same  kind,  on  theFJ^mmoB  d€$  Ter- 
rains de  Thitisitian  des  Vosgea^  was  prepared  with  the  assutance 
of  EoBchlin  Schumberg,  who  furnished  the  geolc^oid  exposition. 

These  were  mere  preparations  for  a  much  larger  undertaking 
— that  of  the  publication  of  his  JSraUi  de  JPoiliontotoffie  vigitak^ 
which  in  three  large  yolumes  gives  the  descriptions  in  lAtin,  with 
remarks  in  French,  of  all  the  species  of  fossil  plants  known  to  the 
time  when  it  was  finished,  1874,  together  with  a  folio  atlas  of  one 
hundred  and  ten  plates  for  illustrations  of  the  more  interesting 
vegetable  types.  This  work  demanded  for  its  preparatiou  long 
researches  iu  the  museums  and  private  collections  ot  fossil  plants 
in  Europe,  and  a  critical  review  of  all  that  had  been  published  iu 
paleo-botany.  As  an  inexhaustible  mine  of  materials  referable  to 
vegetable  paleontology,  the  book  has  become  an  indispensable 
assistant  to  students  and  collectors  of  fossil  vegetable  remains. 

A  new  manual  of  Paleontology,  written  in  German  and  dis- 
tributed in  two  parts,  one  for  the  animals  by  Earl  A.  Zittel,  the 
other  for  the  plants  by  W.  P.  Schimper,  is  yet  unfinished.  The 
half  volume  prepared  by  this  last  author  and  already  published 
reviews  the  Thallophytes,  the  Bryophytes,  and  the  Pteridophytes. 

This  short  record  of  Prof.  \V.  P.  Schimper's  productions  can- 
not give  an  idea  of  the  amount  of  work  performed  by  this  cele- 
brated naturalist,  during  a  career  harassed  oy  the  most  distressing 
and  disheartening  circumstances.  It  says  nothing  of  the  noble 
character  of  the  man,  who,  always  genial,  kind  and  obliging  to 
every  one  who  needed  his  assistance,  has  left,  as  sincere  friends 
to  deplore  his  loss,  all  those  who  had  intercourse  with  him. 
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Figure  I. — ScspnUr  arch  of  Broutosa'arat  excelatit.  Marsh ;  front  view,  one- 
Bizteenth  natural  size ;  a,  icapula ;  c  coracoid ;   g.  glenoid  cavit; ;  <m. 
right  sternal  bone :  ot".  left  atemal  bone ;  ci,  cartilage. 
Figure  2. — Lett  Btemsl  bone ;  one-eigbtb  DBtaral  ^ze ;  a.  superior  view ;  b. 
inferior  view ;  e.  face  for  coracoid ;  d.  margin  next  to  median  lioe  \  e. 
inner  front  margin ;  p.  po«lerior  end. 
•  Figure  a, — Setpnlarflrch  of  young  Khea  Americano,  LaA^-,  l,al\eT  ■?«*»-<i^>  \ 
Ifaree-Zourtha  natural  size ;  seen  from  below.    IaU&tb  bb  (itenB. 
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Art.  LVU. —  On  the  Physical  HirixLure  and  Eypsometry  of  the 
CaiskiU  Mountain  Region;  by  Arnold  Guyot,  Princeton, 
New  Jersey. 

In  a  former  paper  on  the  physical  structure,  of  the  Appala- 
chian system,  I  noted  the  fact  that,  though  extending  through 
the  most  populated  and  civilized  part  of  the  United  States,  that 
system  of  mountains  was  still  among  the  least  known  of  our 
country.  This  remark  applies  with  double  force  to  the  Catskill 
Mountain  region. 

Situated  in  the  old  and  flourishing  State  of  New  York,  only 
one  hundred  miles  from  its  metropolis,  id  full  sight  and  within 
a  few  miles  of  the  great  artery  of  travel,  the  Hudson  Eiver ; 
visited  every  summer  b}^  thousands  of  tourists  in  search  of  the 
beauties  of  nature  and  of  the  cool  air  of  its  high  valleys  and 
plateaus,  its  real  mountain  region  has  been  thus  far  almost  a 
sealed  book  to  the  geographer  and  the  geologist  as  well  as  to 
the  transient  visitor.  It  seems  a  matter  of  legitimate  surprise 
that  to  this  day  no  physical  map  of  the  Catskills,  deserving  the 
name,  could  be  found.  True,  there  are  county  and  township 
maps  which  trace  with  tolerable  accuracy  the  water  courses, 
the  roads,  the  villages  and  the  scattered  farms ;  but  they  all 
end  with  the  cultivated  portions  of  the  valleys  and  leave  the 
mountains  either  in  blank  or  give  them  in  very  inaccurate  and 
unintelligible  outlines. 

For  one,  however,  who  has  visited  that  part  of  the  country, 
with  the  view  of  studying  its  physical  coniormation,  the  cause 
of  the  sad  condition  of  its  cartography  is  no  mystery.  The 
whole  region  was  originally  an  unbroken  forest,  and,  with  the 
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exception  of  the  bottom  and  slopes  of  a  fow  valleys  and  of 
some  porticos  of  the  Dortheastera  plateaus,  it  has  remained  so 
to  this  day. 

The  wilderness  of  the  Adirotidacks  is  more  extensive  bat 
hardly  more  complete  than  that  of  the  pathless  forests  of  the 
Southern  Catskills,  the  habitual  haunts  ol'  numerous  bears,  wild 
cats  and  occasional  panthers.  Add  to  this  the  fact  thai  most 
of  the  mountain  tops,  not  to  say  all,  are  not  sharp  peaks,  but 
extensive  thickly  wooded  flats  from  which  no  distant  views  can 
be  obtained  and  it  may  readily  be  understood  what  difficulties 
lie  in  the  way  of  the  lo[X)grupher  and  why  ordinary  surveys 
stop  short  of  the  mountain  chains. 

And  still  several  features  of  the  Catskills  are  well  calculated 
to  excite  in  a  high  degree  the  curiosity  of  the  scientific  inves- 
tigator, and  to  call  for  a  thorough  study  of  its  plastic  fomuL 
Though  situated  in  the  midst  of  the  Appalachian  system,  and 
evidently  a  part  of  it,  it  appears  in  it  as  an  anomaly.  While 
the  Appalachian  ranges,  throughout  the  system,  invariably 
trend  from  the  southwest  to  the  northeast,  all  the  chains  of  the 
Catskills  run  in  an  opposite  direction  from  ihe  southeast  and 
east  to  the  northwest  and  west. 

I  have  shown  elsewhere  in  this  Journal,  the  existence  of 
transverse  chains,  in  the  Appalachians  of  North  Carolina  and 
Georgia,  reaching  5000  and  6000  feet  between  the  Blue  lUdge 
and  toe  Great  Smoky  Mountains.  But  these  two  great  border- 
chains  at  least  retain  tlie  normal  direction,  while,  in  the  Cata- 
kills,  even  the  border-chains  run  at  right  angles  to  the  syatem. 
Again,  while  the  iieigliVxuing  Ajipalufhian  chains,  the  Kitla- 
tinny,  or  Blue  Mountains,  in  New  Jersey,  hardly  reach  1800 
feet,  and  their  continuation,  the  Sbawangunk,  rarely  exceed 
2000  feet  (Sam's  Point  2341),  the  group  of  the  Catskills  sud- 
denly rises  to  double  that  height  On  the  east,  beyond  the 
valley  of  the  Hudson,  the  Green  Mountain  ranges  remain  lower 
by  1000  and  1500  feet  On  the  north,  beyond  the  deep  valley 
of  the  Catskill  Creek,  the  plateaus  average  less  than  2000  feet 
and  on  the  west  the  swells  of  land,  amund  the  sources  of  the 
Delaware  and  Susquehanna,  do  not  much  surpass  that  average, 
their  highest  points  seldom  reaching  2400  feet  The  Catskilla 
stand  as  a  mighty  citadel  overtowering  by  2000  feet  all  the 
surrounding  country. 

These  apparent  anomalies  in  the  otherwise  regular  atructnn 
of  the  Appalachian  system  need  an  explanation.  The  Grststep 
toward  it  was  to  obtain  a  correct  idea  of  the  topography  and 
orography  of  the  region,  and  of  the  direction  and  altitude  of  its 
mountain  chains  and  valleys,  which  no  existing  map  oould  giva 
To  this  work  the  writer  has  devoted  several  sommer  vacation^ 
from  1862  to  1879.     The  results  of  these  observations  an 
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mostly  embodied  in  a  map,  now  engraved*  which  is  believed 
to  furnish  the  first  accurate  delineation  of  these  mountains.  A 
few  words  on  the  manner  in  which  these  results  have  been  ob- 
tained may  not  be  amiss  here. 

The  map,  of  which  Plate  XIX  gives  a  reduced  sketch,  was 
drawn  by  my  assistant,  E.  Sandoz,  and  engraved  on  the  scale 
of  one  inch  for  three  miles.  It  covers  a  surface  of  about 
40CO  English  square  miles,  of  which  the  mountainous  part 
proper  occupies  somewhat  more  than  one  half,  or  about  2400 
square  miles.  The  position  of  all  the  mountain  peaks  was  ob- 
tained by  means  of  a  theodolite  and  a  sextant,  both  reading  to 
a  minute  of  a  degree;  the  points  of  the  triangulation  of  the 
Coast  Survey  along  the  Hudson  River  serving  as  a  base. 

From  the  nature  of  the  case  none  but  natural  signals  could 
be  used  ;  but  the  very  large  number  of  **  tours  d'horizon'*  ob- 
served from  every  prominent  point,  with  profiles  regulated  by 
angular  positions,  render  errors  of  any  consequence  extremelv 
improbabla     I   was,    therefore,    hardly  surprised,   but   much 

f  ratified,  to  find  that  the  position  of  the  only  point  the  map 
as  in  common  with  the  triangulation  of  the  New  York  State 
Survey,  the  Utsayantha,  near  Stamford,  though  determined 
entirely  independently,  was  in  close  accordance  with  that  as- 
signed to  it  by  this  carefully  conducted  survey. 

The  Hydrography  was  taken  from  the  most  recent  county 
and  township  maps  of  Greene,  Ulster.  Delaware  and  Scho- 
harie counties  and  has  been  regulated  by  the  position  of  the 
mountains. 

The  altitucles  have  been  measured  by  mercurial  barometers 
with  the  aid  of  assistants,  all  trained  by  myself;  in  only  a  few 
of  the  less  important  points  the  aneroid  was  used  to  obtain  a 

freliminary  measurement  Among  my  most  useful  assistants 
must  mention  E.  Sandoz  for  all  the  Northern  Catskills,  Wm. 
Libbey,  Jr.,  for  observations  and  computations  in  the  Southern 
Catskills,  John  Weid  and  Samuel  E.  Busk  for  the  eastern  por- 
tions. Most  of  the  aneroid  observations  I  owe  to  H.  Kimball, 
the  most  indefatigable  and  skillful  mountain  climber  of  the 
Catskills. 

The  formula  used  in  the  computations  is,  as  in  my  other 
measurements,  that  of  Laplace,  in  connection  with  a  table  of 
corrections  for  the  influence  of  the  hour  of  the  day  and  the 
barometrical  coefficient,  which  I  have  derived  mainly  from  the 
elaborate  reduction  of  the  meteorological  observations  of  Ge- 
neva and  St  Bernard  by  Plantamour. 

The  altitude  of  five  points,  not  more  than  ten  miles  apart, 
was  determined  with  great  care  from  the  Hudson  Eiver  and 
the  Delaware  and  Ulster  Railroad,  and  each  served  as  a  base  for 

^  The  map  is  for  sale  by  Oharles  8cribner'B  Soiib,  and  B.  Westerman,  New 
TorkCSty. 
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the  rnDftsurenient  of  tlie  neighboring  heights.  They  are  "the 
Vista,"  at  Haines'  Falls,  for  the  east,  Molynenx's  farm  for  the 
southern  Calskills,  Lexington  Village  and  Windham  Center 
for  the  central  region  and  Vaughn's  Highland  House  for  the 
north  and  west  They  have  been  tested  by  pecinrocal  obser- 
vations among  themselves.  The  altitudes  are  reduced  to  the 
mean  tide  level  in  New  York  harbor,  assuming  this  to  be  about 
2J  feet  below  mean  tide  in  the  Rondout  and  CTatskill  Creeks. 

The  name  Catskills  is  said  lo  have  been  given  to  this  wil- 
derneaa  by  the  first  settlers,  who  were  of  Dutch  origin,  on 
account  ot  the  numerous  wild  cats  inhabiting  its  forests.  To 
the  same  settlers  are  due  the  geographical  appellations  of  kUl 
for  stream,  chve  for  gorge,  and  vlu  or  vlaie  for  swamp,  so  fre- 
quently met  with  in  the  CatskiliB.  The  boundaries  of  the 
region  to  which  the  name  applies,  however,  are  not  well  defined. 
But  confining  it  between  the  Hudson  River  and  the  sources  of 
the  Delaware,  from  east  to  west,  and  the  Catskill  Creek  and  the 
sources  of  the  Naveaink  and  Rondout  Creeks,  from  north  to 
south,  we  enclose  the  mountain  district  which  has  the  special 
characters  above  indicated  ;  and  this  is  the  portion  comprised 
in  the  new  map.  It  must  be  said,  however,  that  the  inhabit- 
ants of  the  plateau  region  north  of  Catskill  Creek,  to  the  He!- 
derberg  Mountains  and  west  to  the  sources  of  the  Susquehanna. 
claim  to  he  still  in  the  Catskills. 

The  mountain  region  is  divided  by  the  Esopua  Creek  into 
two  groups  differing  considerably  in  their  physical  stracture, 
one  on  the  north,  the  northern  or  Catskills  proper,  situated 
mainly  in  G-reene  county  ;  the  other  on  the  south,  the  soatbem 
Catskills  or  Shandaken  Mountains,  in  Ulster  county. 

The  Nbrikffrn  or  Catskills  proper,  between  the  Esopus  and 
Catskill  Creeks,  form  a  massive  plateau  having  the  shape  of  an 
irregular  parallelogram,  extending  from  S.E.  to  N.W.,  and 
shut  up  between  two  high  border  chains,  ten  to  fifteen  miles 
distant  from  each  other,  running  about  in  the  same  direction. 
The  southwest  border  is  formed  by  what  may  be  called  the 
central  chain  of  all  the  Catskills,  the  other  by  the  northeast 
border  chain.  The  southeastern  end  is  closed  by  the  short 
ch^in  of  the  High  Peak ;  the  northwestern  by  the  high  swell 
of  plateaus  which  divide  the  headwaters  of  the  Delaware  and 
Susquehanna  from  those  of  the  Schoharie  Creek  and  the  Hud- 
son. Inside  of  this  highland  three  secondary  ranges,  starting 
from  the  northeast  border  chain  and  running  nearly  west, 
almost  to  the  foot  of  the  central  chain,  fill  the  inner  spaoe, 
enclosing  deep  valleys  in  which  flow  the  waters  of  the 
Schohane  Creek  and  its  tributaries. 

The  only  access  to  this  interior  highland  is  through  the  deep 
and  wild  gorges  called  cloves,  of  which  there  are  but  few;  all 
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renowned  for  the  picturesque  beauty  of  their  torrents  and 
cascades,  and  for  their  ice  caves. 

A  striking  peculiarity  of  the  plastic  forms  of  the  northern 
Catskill  group  is  that  while  its  western  end  is,  as  it  were, 
buried  in  the  general  plateaus  of  western  New  York,  its  moun- 
tains rising  but  moderately  above  their  surrounding  base,  its 
eastern  end  stands  isolated  on  three  sides  by  deep  and  broadly 
open  valleys,  projecting,  in  all  its  height,  as  a  mighty  promon- 
tory, to  within  ten  miles  of  tide  water  in  the  Hudson  River. 

The  very  base  of  its  mountains  rarely  exceeds  600  feet  above 
tide.  The  altitude  of  Woodstock  at  the  base  of  the  Overlook 
Mountain  is  594  feet ;  the  entrance  of  the  Plaaterkill  Clove,  at 
West  Saugerties,  660  feet ;  the  entrance  of  the  Kaaterskill 
Clove,  600  feet ;  Kiskatom,  near  the  foot  of  the  North  Moun- 
tain, 687  ;  Acra,  not  far  from  the  base  of  Blackhead,  646  feet ; 
Cairo,  847  feet  No  wonder  that  the  aspect  of  the  Catskills  is 
no  where  more  imposing  than  from  the  Hudson  River  and  the 
surrounding  lowlands,  from  which  their  whole  height  is  seized 
at  a  glance,  and  that  it  has  been  thus  far  believed  that  the 
highest  points  were  found  among  the  mountains  of  the  eastern 
end.  It  is  thus  that  the  Rouna  Top  of  the  old  geographies, 
now  called  the  High  Peak,  at  the  head-waters  of  the  Schoharie 
Creek,  retained  for  over  half  a  century  the  undeserved  reputa- 
tion of  being  the  culminating  point  of  the  Catskills.  This 
deception  was  common  even  to  the  inhabitants  of  the  interior, 
and  nothing  but  actual  measurement  could  convince  them  of 
their  error. 

The  panorama  of  mountains,  viewed  from  Catskill  village, 
extending  from  the  Overlook  Mountain,  on  the  south,  through 
the  High  Peak,  the  North  Mountain,  Black  Head  and  Wind- 
ham High  Peak,  is  not  a  single  chain,  but  rather  the  eastern 
end  of  the  border  chains  together  with  that  of  the  short  range 
bearing  the  High  Peak,  which  rises  between  the  two.  It 
is,  therefore,  but  the  abrupt  termination  of  the  whole  mass 
of  the  Highlands  toward  the  great  gap  to  the  Hudson  Valley, 
as  a  description  of  the  orographic  structure  of  the  plateau 
will  show. 

To  make  this  description  clear,  a  few  preliminary  remarks 
on  the  general  geological  structure  of  the  Catskills,  and  the 
characteristic  features  of  their  topography  seem  to  be  desirable. 
We  have  not  to  look  in  the  chains  of  the  Catskills  for  a  series 
of  anticlinal  and  synclinal  folds  or  arches,  or  fragments  of 
arches,  as  in  ordinary  mountain  chains.  Throughout  the 
region  the  strata  of  which  they  are  composed  are  nearly  hori- 
zontal from  the  bottom  of  the  valleys  to  their  top,  or  have  a 
dip  rarely  exceeding  four  or  five  degrees.  The  same  is  true 
of  the  plateaus. 
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•  ISm  inountainB,  therefore,  whatever  be  their  oxternal  i 
•swell  as  the  surrounding  plateaus,  are  masses  of  pilal  opj 
■ttUta,  with  a  slight  inclination  to  the  Boath  or  soatbwest  nm  ] 
ftorthwest,  often  hardly  (lerceptible  A  greater  disturbance  ' 
from  the  horizontal  position  is  seldom  observed  and,  when 
foaad,  is  only  local.  To  this  disposition  of  the  strata  and  their 
tMUtency  to  break  by  the  joints  at  right  angles  to  the  planes  of 
itntiflcation  we  must  traoe  the  occurrence  of  those  abrupt 
leo^ies  which  are  so  frequently  encountered  by  the  traveler, 
ftod  are  often  a  cause  of  serious  dif&culty  and  no  little  danger 
to  Ae  inexperienced  mountain  climber.  This  also  explains 
why  tbe  tops  of  the  mountains  are  not  pointed  peaks  but 
mostly  flat  surfaces,  often  of  considerable  extent,  and  wby  it 
is  only  at  the  edges  of  these  that  are  found  the  perpendicular 
Isdgee  which  border  precipices  of  vertiginous  depth  and  dis- 
eloBQ  the  splendid  views  which  have  rendered  the  Catskill 
lEoantain  House  and  tbe  Overlook  Mountain  so  celebmt«d. 
To  the  game  cause,  again,  and  to  the  peculiar  mode  of  disinte- 
ffration  of  tbe  strata  by  successive  steps,  are  due  the  onmeroua 
oaaoades  which  are  so  characteristic  of  the  Catskills,  and  one 
of  their  greatest  attractions. 

Moat  of  the  peaks  measured  were,  as  usual  in  American  < 
wildernesses,  without  names.  I  had  to  find  some  fitting 
appellations.  Those,  in  use.  such  as  Eoundtop  and  High  Peak, 
North  and  South  Mountains,  are  so  often  repeated  in  all  parts 
of  the  Catskills  that  to  prevent  confusion  it  was  sometimes 
necessary  to  change  or  to  qualify  them.  In  the  new  ones  I 
tried  to  avoid  the  fanciful  names  so  much  in  vogue,  and  to 
derive  them  when  possible  from  their  geographical  location. 
To  Roundtop  at  the  head  of  Little  Westkill  I  applied  tbe 
old  Indian  name  of  the  region,  Ontiora.  Boundtop  at  the , 
head  of  Drybrook  became  Doubletop,  a  name  which  from  its 
form  is  more  appropriate  ;  South  Mountain  close  to  it  is  called 
on  the  map  G-raham  Mountain,  in  honor  of  tts  owner,  one  of 
the  old  settlers  of  that  district.  In  the  Catskills  nearly  all 
valleys  and  passes  are  called  hollows. 

The  Central  Chain  is,  aa  before  mentioned,  the  longest,  the 
most  massive,  and  plays  the  part  of  a  back  bone  for  the  whole 
Catskill  region.  It  forms  at  the  same  time  the  southwestern 
border  chain  of  the  Northern  Catskills  Its  total  length  from 
the  Overlook  Mountain,  its  southern  end,  to  the  Utsyantha, 
near  Stamford,  its  northwest  termination,  is  somewhat  over 
tbirty-five  miles.  Its  direction  is  not  uniform :  in  the  first 
half  to  the  Deep  Hollow  gorge  its  trend  is  west-northwest; 
at  that  point  it  turns  sharply  to  the  northwest  It  descends 
in  long  slopes  and  heavy  spurs  toward  the  south  and  wes^ 
while  it  falls  abruptly  toward  the  interior  to  the  northeast 
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The  central  chain  is  divided  into  four,  almost  equal,  portions 
by  three  deep  gorges  or  cloves  which  give  access  to  tne  inte- 
rior valleys;  the  Stony  Clove,  summit  of  road  1700  feet, 
reaching  the  Schoharie  basin  near  Hunter  village ;  the  Deep 
Hollow,  summit  1973  feet,  near  Westkill,  and  the  Grand  Gorge 
Bailroad  depot,  1570  feet,  near  Moresville. 

1st  The  nrst  part,  from  the  eastern  end  to  the  Stony  Clove, 
is  about  ten  miles  in  length.  It  begins  with  the  Overlook 
Mountain,  and  turning  north  reaches  tne  Plaaterkill  Mountain 
with  which  it  forms  a  horse  shoe  having  its  convexity  to  the 
east  and  enclosing  to  the  west  the  valley  of  the  Sawkill  with 
Sbue's,  or  Echo,  lake  at  its  head. 

From  the  Plaaterkill  Mountain  it  stretches  20°  north  of  west 
to  the  Stony  Clove,  along  the  valley  of  the  Plaaterkill  and 
Schoharie  Creek.  The  prominent  points  from  east  to  west  are 
the  Indian  Head,  with  tnree  peaks  increasing  in  height  toward 
the  west,  followed  by  the  two  Schoharie  peaks  rising  from  one 
mass,  the  higher  one  on  the  northwest  of  the  other;  then  comes 
the  Mink  Mountain,  with  a  broad  rorunded  shape  and  a  promi- 
nent projection  to  the  north ;  still  beyond  is  the  long,  flat, 
table-like  Stony  Mountain  which  falls  by  precipitous  ledges 
into  the  Stony  Clove.  The  flat  summit  oi  the  last  is  so  regu- 
lar that  the  measurements  of  six  points  along  the  ridge  aid 
not  show  a  difference  exceeding  a  score  of  feet  Except  for 
the  Overlook,  I  found  no  current  names  for  these  various  well- 
defined  mountain  tops.  Those  which  I  here  propose  are 
mostly  suggested  by  their  position. 

The  Plaaterkill  Mountain  is  at  the  south  entrance  of  the 
Plaaterkill  Clove.  Indian  Head  was  a  name  given  to  me  by 
an  old  hunter  of  the  locality.  The  Schoharie  Peaks  are  at  the 
head  of  Schoharie  Creek.  Mink  Mountain  borders  the  Mink 
Hollow  of  the  old  settlers;  and  Stony  Mountain  is  next  to 
Stony  Clove. 

The  altitudes,  as  shown  in  the  following  table,  increase  reg- 
ularly westward  to  Hunter  Mountain. 

Table. 

Qyerlook  Mountain,  3150  Schoharie  Peak,  N.  W.,  3650 

Plaaterkill      '*  3280  Mink  Mountain,  3807 

Indian  Head,  East  peak,  3380  Stony  Mountain,  East  end,  3844 

''  Middle  peak,  3510  '*  Center,  3823 

"  West  peak,  3581  **  West,  3789 

Schoharie  Peak,  S.  E.,  3583  Hunter  Mountain,  4038 

Two  passes  cross  this  first  part  of  the  chain,  the  Indian  Pass, 
from  the  head  waters  of  the  Schoharie  and  Plaaterkill,  east  of 
the  Indian  Head,  to  the  Sawkill  valley  and  the  Overlook,  the 
elevation  of  which  is  2694  feet;  and  the  Mink  Hollow,  between 
the  Mink  and  Stony  Mountains,  with  a  wood  road  whose  sum- 
mit is  2629  feet     'This  last  is  said  to  be  the  trail  by  which  the 
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flnit  setden  gained  an  entrance  into  the  interior  of  the  Oifti- 
kills ;  for,  thongfa  being  over  900  feet  higher  than  Stony  Clo?«^ 
it  IB  more  easy  of  aooeas  than  that  wild  and  rooky  goi]ga 
Stonj  Mountain  sends  to  the  southwest  a  hieh,  massy  spnr  of 
oonsiderable  elevation,  between  the  Stony  Clove  and  the  Bea- 
verkill,  where  it  bears  the  name  of  the  Olebei^,  or  Olderbaigh 
Mountain. 

The  Overlook  Mountain,  on  the  southeast,  and  the  Soudi 
Mountain,  near  the  old  Mountain  House,  on  the  northeast^  are 
two  great  promontories  of  the  Northern  Catekills,  both  termin- 
ating in  perpendicular  ledges ;  two  natural  observatories^  frcmi 
which  the  most  extensive  views  are  obtained  over  the  broad 
valley  of  the  Hudson,  the  chains  of  the  Highlands  and  Uie 
Oreen  Mountains.    The  Overlook  can  boast  rasides  of  a  fine 


panoramic  view  of  the  high  chains  of  the  Southern  Catakilla 

The  second  portion  of  the  central  chain,  between  the  Stonj 
Glove  and  Deep  Hollow,  a  distance  of  10  miles,  is  oompoaed  of 
two  chains  and  contains  the  culminating  points  of  the  whola 
It  begins,  on  the  east,  by  the  broad  mass  of  the  Banter  Moun* 
tain,  the  highest  point  of  the  Northern  Catskills,  4088  feet 
This  sends  to  the  north  a  long  and  rocky  spur  terminatinff  op- 
posite Hunter  village  in  the  precipitous  and  rocky  ridge  bea^ 
mg  the  name  of  the  Colonel  s  Chair,  8087  feet  It  ezpandi 
similarly  to  the  southwest  into  a  broad  ridga  To  this  is  at* 
tached  the  Westkill  chain,  which,  from  its  direction  and  greater 
altitude,  may  be  considered  as  the  true  continuation  of  the  cen- 
tral chain ;  while  the  Lexington  chain  attached  to  the  northern 
spur  is  but  a  secondary  feature.  Between  these  two  chains 
lies  the  deep  valley  of  the  Westkill,  nine  miles  long,  with  the 
abrupt  sides  of  the  mountains  turned  toward  it  The  Westkill 
chain,  like  the  Stony  Mountain,  descends  toward  the  southwest 
in  long  and  gradual  slopes  which  look  more  like  an  inclined 
plateau  deeply  furrowed  by  a  few  narrow  valleys,  such  as  the 
Peck  Bushkill  valley,  the  Broadstreet  and  Forest  valley,  the 
Ox  Clove ;  all  tributaries  of  the  Esopus.  This,  in  truth,  is  the 
outer  margin  of  the  north  Catskill  plateau.  The  Lexington 
chain,  between  the  Westkill  and  Schoharie  Creeks,  falls  ab- 
ruptly on  both  sides. 

The  altitudes  of  both  ranges  decline  regularly  from  Hunter 
Mountain  westward,  but  more  rapidly  in  the  Lexington 
chain,  which  terminates  rather  suddenly  in  the  Lexington 
Flats ;  while  the  Westkill  chain  retains  its  preeminence  and 
continues  the  main  chain.  In  the  last  the  Big  Westkill  rises 
to  8896  feet  and  at  the  west  end  the  Deep  Hollow  Mountain 
still  measures  3600 ;  while  in  the  Lexington  range  Busk  Moun- 
tain is  only  8626  and  Lexington  Mountain,  at  the  west  end, 
2980  feet.     The  gaps  in  these  two  chains  are  indentationa 
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without  depth.  Jones'  Gap,  between  Hunter  and  Busk  Moun- 
tains, is  the  only  one  through  which  a  wagon  road  passes. 
The  Broadstreet  Gap,  in  the  middle  of  the  Westkill  chain,  has 
hardly  more  than  a  mountain  trail.  The  Hollow  Tree  Gap, 
near  Hunter  Mountain,  and  Peck's  Gap,  in  the  western  half,  are 
even  less  accessible.  All  this  district  between  the  Stony  Clove 
and  Deep  Hollow  gorge,  the  Esopus  and  Schoharie  Creek,  is 
still  one  of  the  wildest  and  least  known  of  the  Catskills. 

The  third  part  of  the  central  chain,  between  the  Deep  Hol- 
low and  Grand  Gorge,  is  the  longest — 11  miles — but  its  eleva- 
tion gradually  diminishes.  Its  general  direction  changes  ab- 
ruptly, at  the  Deep  Gorge,  from  west  10°  north  to  north  80° 
west  It  begins  on  the  east  by  the  Beech  Bidge  with  a  slightly 
undulating  top  reaching  in  the  Vlaie  Mountain  8581  feet;  is 
depressed  in  the  Halcott  Gap  to  2726  feet,  beyond  which  it 
rises  again  to  the  height  of  8545  feet  in  the  Bear  Pen.  It 
somewhat  declines  in  Pond  Mountain  and  the  Ontiora,  or 
Boundtop,  at  the  head  of  the  little  Westkill,  8458  feet,  and 
terminates  by  Jones  Mountain,  hardly  lower  than  Ontiora,  and 
the  Irish  Mountain  near  Grand  Gorge. 

Ontiora  deserves  a  special  mention  for  the  great  beauty  and 
extent  of  the  view  it  affords  from  its  summit 

It  is  one  of  the  two  or  three  mountain  tops  which  are  free 
from  trees.  From  this  high  observatory  the  eye  takes  in  at 
one  glance  almost  the  totality  of  the  Catskills  includino;  the 
Slide  Mountain  on  the  extreme  south  ;  High  Peak  and  JBlack 
Head,  on  the  east ;  Windham  High  Peak,  Pisgah  and  Ashland 
Pinnacle,  on  the  northeast ;  Utsyantha,  on  the  northwest ;  and 
the  innumerable  hills  of  Delaware  county,  on  the  west  and 
south.  It  has  besides  the  merit  of  being  easy  of  access  by  a 
well  graded  road  from  Prattsville  and  Batavia  Kill,  passing 
within  half  a  mile  of  its  summit  at  an  elevation  of  8180  feet 

This  portion  of  the  central  chain  unlike  the  preceding  one  has, 
on  its  southwestern  slope,  long  and  broad  valleys — the  Halcott 
Bushkill,  Batavia  Kill  and  Boxbury — whose  waters  form  the 
east  branch  of  the  Delaware ;  and  between  which  are  ridges, 
sometimes  full  as  high  (such  as  the  Bed  Kill  Mountain  8540 
feet)  as  the  main  chain  with  which  they  are  connected. 

The  northeastern,  or  interior,  slope  is  much  less  abrupt  than 
in  the  Westkill  chains.  The  only  indentation  of  importance 
is  the  valley  of  the  little  Westkill. 

The  fourth  and  last  division  of  the  central  chain,  from  Grand 
Gorge  to  Utsyantha,  six  miles,  begins  with  the  Bald  Mountain 
near  the  Grand  Gorge  Depot  of  the  Ulster  &  Delaware  Bailroad, 
continues  by  the  slightly  higher  chain  of  the  Moresville 
Mountains  and,  beyond  a  gap  of  moderate  depression,  termin- 
ates suddenly  in  the  Utsyantha  Mountain,  near  Stamford,  with 
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an  altitade  of  8208  feet    This  is  also  neariy  the  height  of  die 
Moreeville  range. 

UlByanlha,  at  the  head  of  the  West  hranch  of  the  Delaware, 
may  be  oonBidered  as  the  end  of  the  Gatskills  in  this  direction ; 
beyond  it  all  high  mountains  disappear  and  the  ohaina  lose 
themselves  in  plateaus  which  increase  in  height  on  all  sidea. 
The  following  table  shows  the  regular  decline  from  Hunter 
Mountain  to  toe  end  of  the  chain. 

Tabli. 

Hunter  Mmmtain,  4088  Ut^jinliiA,  SSOB 


BigWeettfll,  8896 

Deep  Hollow  MonntaiD,  8800  Bode  liomitian,                    8C88 

Y]a&  Mouiftain,  8881  Beeline  Moiintdii,                8300 

Beer  Fta,  8645  Ffaie  lekod  Mountalii, 


Ontiora,  8468  Ledngton  Moantein,  SMO 

From  the  foregoing  description  it  will  be  seen  that,  if  we 
connect  the  mountain  tops  along  the  central  chain  by  an  ideal 
plane,  it  will  gradually  rise  from  the  east  end  one-quarter  of 
the  distance  to  Hunter  Mountain  and  thence  descends  still 
more  gradually  to  the  northwest  end,  no  local  peaks  interrupt 
ing  its  normal  slopes.  The  two  ends,  the  Overlook  Mountain, 
8160  feet,  and  Utsyantha  8206  feet^  are  nearly  equal  in 
altituda 

Hunter  Mountain  is  by  far  the  most  remarkable  in  the 
whole  range.  It  is  owing  to  its  broad  massive  form,  with  no 
well  defined  peak  risinff  from  its  uniform  summit,  that  its 
superior  height  was  not  discovered  nor  even  suspected  by  the 
inhabitants  of  the  valley,  while  the  High  PeaK  looming  up, 
isolated  and  in  full  view  from  the  Hudson,  gained  a  reputation 
for  preeminence  though,  in  fact,  nearly  400  feet  lower. 

2a.  High  Peak  Range, — High  Peak,  or  the  old  Roundtop,  so 
long  celebrated  as  the  culminating  point  of  the  Catskills,  is  the 
highest  part  of  a  short  range  running  between  the  two  head 
branches  of  the  Schoharie  Creek,  parallel  with  the  central  chain 
and  connecting  it  with  the  northeast  border  chain.  Its  mass 
fills  all  the  space  between  the  Plaaterkill  and  Kaaterskill 
Cloves,  in  the  depths  of  which  it  falls  in  precipitous  slopes, 
adorned  by  leaping  cascades.  On  the  east  it  oescends  more 
gently  in  terraces  toward  the  plain.  Its  summit  is  capped,  as 
many  others  in  the  Catskills,  by  thick  layers  of  a  hard  conglom- 
erate, which,  having  better  resisted  the  destructive  agencies  of 
the  atmosphere,  stand  distinct  as  a  round  head  nearly  800  feet 
high,  on  the  broad  shoulders  of  the  mountain,  and  suggested 
its  first  name,  which  ought  to  have  been  retained.  The  direc- 
tion of  this  range  is  west  30°  north :  its  length  only  six  miles. 
High  Peak,  its  eastern  end,  rises  to  8664  feet ;  a  second  peak, 
hardly  a  mile  distant  to  the  west,  now  called  Roundtop,  is  still 
8500  feet ;  but  farther  on  the  chain  descends  rapidly,  termins- 
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ting  in  Olum  Hill,  2872  feet,  near  the  confluence  of  the  two 
branches  of  the  Schoharie  Creek. 

From  its  central  position  this  last  hill  affords  a  most  instruc- 
tive panorama  of  the  interior  chains. 

8d.  The  northeast  border  chain  appears  more  like  the  outer 
wall  of  the  Highlands,  falling  from  tne  top  of  the  mountains  to 
the  valley  of  the  Catskill  Creek.  Though  its  general  direction 
is  to  the  northwest,  the  individual  parts  show  a  succession  of 
alternate  north  and  northwest  trends. 

From  the  South  Mountain,  near  the  Catskill  Mountain 
House,  to  the  North  Mountain  the  direction  is  north  ;  from 
North  Mountain  to  Black  Head,  northwest;  from  Black  Head 
to  Acra  Point,  north  ;  from  Acra  Point  to  Windham  High 
Peak,  west  80°  north ;  from  the  last  point  to  East  Windham 
Gbp,  northwest ;  from  the  Gap  along  Mt  Zoath,  due  west ;  from 
Zoath,  through  Mt  Hayden,  risgah  and  the  northwest  terminal 
chain,  northwest  again. 

The  altitudes  along  that  chain  follow  the  same  order  as  in 
the  central  chain  opposite,  but  are  somewhat  lower.  South 
Mountain  at  the  Star  Rock,  near  the  Coast  Survey  Signal,  is 
2497  feet ;  North  Mountain,  east  end,  8285  feet,  and  its 
highest  point  8442  ;  Black  Head,  the  highest  of  the  range, 
8945 ;  Acra  Point  approximates  to  8085  feet ;  Windham 
High  Peak,  8584 ;  Mt  Hayden,  2900 ;  Pisgah,  2905 ;  in  the 
terminal  range  Sutton  Hill,  2578  feet;  High  Knob,  2654; 
Barlow  Hill,  2651  feet ;  Leonard  Hill,  2649  feet. 

Here  again,  as  in  the  central  chain,  a  general  plane  carried 
through  the  summits  would  show  a  comparatively  rapid  rise 
to  Black  Head,  one  quarter  of  the  distance,  and  a  much  more 
gradual  descent  from  Black  Head  to  its  termination.  As  in 
the  central  chain  the  two  ends,  east  and  west,  the  South  Moun- 
tain, 2497  feet,  and  Leonard  Hill,  2649  feat,  have  about  the 
same  altitude.  It  would  be  still  more  alike  if  instead  of  the 
Star  Eock,  on  the  border  of  the  ledges,  we  took  the  real  cul- 
minating point  of  South  Mountain,  a  short  distance  farther 
west 

The  general  slopes  of  the  border  chain  toward  the  valley  of 
the  Catskill  Creek  are  steep,  rarely  less  than  25°  to  28° ;  but 
reaching  the  foot  of  the  mountains,  they  change  quickly  to 
gentle  undulations  descending  by  a  slope  of  6°  to  8°  to  the 
Catskill  Creek,  making  the  valley  very  broad  and  open.  In 
the  interior  the  slopes  are  equally  steep,  but  much  shorter,  as 
the  bottoms  of  the  valleys  are  2000  feet  and  over  above  the 
sea-level.  The  passes  which  afford  an  entrance  into  the  inte- 
rior valleys  are  about  as  high  as  in  the  central  chain.  In  Pine 
Orchard,  the  Catskill  Mountain  House  lies  2225  feet  above 
tide ;  the  Summit  House,  in  East  Windham  Notch,  1940  feet 
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w^dMf  dorthwMt  tarmiBkl'  ctmin,  Sutton  Gap,  2236  fm; 
Potter's  Hollow  Cbp,  1966  iect ;  Beniiet's  Notch,  1997  feeL 
.  Ml.  Tbo  hig^iUnd  between  the?e  two>  mala  chains  has,  na 
mnvked  before,  the  afaftpe  c£  no  irregular  parallelogram.  Its 
)wigtli  Iff  about ' tweoty-aaven  miles;  ita  wtdib,  between  tbe 
Plaaterkill  aDd'Soatb  SfoantaiD,  ouly  six  miles.  It  increases 
to  tenmileBbetweebStoajUouiitaia  aud  Black  Head,  reaches 
ito  nukzimom — fllteon  milM — between  Deep  Ilotlow  and  Pi^b, 
lUid  is  redaoed  to  12(  utiles  between  Qrand  G-orge  and  High 
Knob.  The  oeotrsl  part  is  filled  by  three  ranges,  separated  by 
vaUen  in  wfaioh  flow  tbe  triliutaries  of  the  Schoharie  Creek : 
tA  The  SMtldU  and  Baat  Jewett  Range  siarting  from  the 
Korlh  ICotiDtBiB  aiid-niDaina  a  (uw  degrees  north  of  west,  12) 
mike  long;  2d.  The  Bladk' Head  Range,  from  Black  Head  due 
west,  conttnaed  by  the  Weet  Jowott  Ran^e,  sixteen  miles  long; 
Qd>  The  Fisgab  Range  ranaing  west  10°  south,  a  distance  of 
tea  miles. 

.1  The  Eastkill  and  fiut  Jcweti  Range,  between  the  maia 
Seboharie  Greek  and  the  Eastkill,  h  divided  into  two  pans  by 
the  Parker  Notoh,  341S  feeL  The  fiist  detaches  itself  from 
ihs  N<»th  'Moautain,  64A3  Tcet,  and  descends  rapidly  to  the 
^ar  Book  of  Pukn  Hill,  2645  feet.  The  aecond  to  the  west 
Hies  again  to  8190  m  the  Eastkill  Mountain,  and  3146  in 
East  Jewett  IfoantatD  ;  both  north  of  Hunter  vilUige,  on  either  ' 
side  of  a  deep  notch. 

The  Black  Head  Range  runs  from  Black  Head  nearly  due 
west  for  6ve  miles,  gradually  descending  to  the  Big  Hollow 
Qap  road.  Its  great  height,  its  massive  forms,  its  fine  roanded 
summits,  whose  aspects  vary  from  every  new  point  of  view, 
make  it  the  most  conspicuous  of  these  inner  chains  and  a 
prominent  feature  of  the  landscape  The  central  part,  the  long 
and  Bymmetrically  shaped  Black  Dome,  attains  the  height  cS 
4003  feet  It  is  out  ofl'  from  its  neighbor  Black  Head  with  its 
steep  and  rocky  slopes,  by  the  Lockwood  Gap,  3446  feet; 
while  the  following  peaks  to  the  west:  Mt  Kimball,  3960; 
No.  4,  8566,  and  No.  5,  as  yet  nameless,  are  only  separated  by 
slight  depressions. 

Between  the  Big  Hollow  and  Henson  Gap  roads,  1800  feet, 
rise  two  rounded  hills,  2500  feet  high,  cultivated  to  the  top, 
and  from  which  one  of  the  most  varied  and  extensive  pano- 
ramic views  of  the  Catskills  may  be  obtained.  Oa  the  same 
line,  faither  west,  the  Jewett  Range  has  an  altitude  of  8026 
feet,  at  its  culminating  point,  just  aoove  Windham  Center;  and 
of  2931  feet  in  the  conical  Tower  Mountain,  above  Ashland. 
This  Black  Head  Range,  with  its  continuation,  separates  the 
valleys  of  the  Eastkill  and  Bataviakill,  the  two  main  tribu- 
taries of  the  Schoharie  Creek. 


of  the  OatsMl  Mountains.  "*    441 

The  third  and  most  northern  of  these  transverse  chains 
begins  at  Mt  Pisgah,  2905  feet,  and  stretches  west  10**  south 
for  about  ten  miles  between  the  Bataviakill  and  the  Manorkiil. 
Unlike  the  others  it  grows  in  altitude  westward.  Next  to 
Pissah  the  wooded  summit  of  Eichmond  Peak  is  8202  feet 
high ;  Strawberry  Knob,  2975,  and  Sister  Mountain,  3002 
feet ;  while  Ashland  Pinnacle,  with  its  8420  feet  of  elevation, 
rivals  the  high  peaks  of  the  central  and  border  chains.  The 
two  slopes  are  very  unequal.     On  the  south  they  descend 

fently,  almost  plateau-like,  for  five  or  six  miles  to  the  Batavia- 
ill ;  on  the  north  they  fall  rapidly  to  the  Manorkiil  Valley, 
reaching  the  same  level  within  a  mile  from  the  ridge. 

Beyond  the  Manorkiil,  both  on  the  east  and  west  side  of  the 
deep  Schoharie  Valley,  the  high  mountain  chains  disappear. 
Plateaus  from  1500  to  2000  feet  of  elevation  become  the 
prominent  feature.  The  series  of  hills,  of  2650  feet,  forming 
the  northwest  end  of  the  border  chain,  hardly  rise  more  than 
600  or  600  feet  above  their  apparent  base,  and  soon  lose  them- 
selves in  the  surrounding  plateaus,  before  reaching  the  valley 
of  the  Schoharie. 

On  the  west  side  of  the  valley  a  long  and  high  swell  of  land, 
starting  from  the  Utsyantha,  near  Stamford,  stretches  directly 
to  the  north,  dividing  the  waters  of  the  Schoharie  from  the 
head  waters  of  the  Delaware  and  Susquehanna,  and  joining 
the  plateaus  which  border  the  Mohawk  River.  North  of 
Stamford  this  table  land  bears  a  group  of  hills,  among  which 
Mine  Hill,  the  highest,  measures  over  2800  feet  Wood  Chuck 
and  Potter  Mountains  are  but  little  lower.  Farther  north  the 
plateaus  culminate  in  Summit  at  the  height  of  about  2400  feet. 

Drainage. — A  glance  at  the  map  will  teach  still  better  than 
any  description  that  the  interior  highlands  of  the  Catskills 
proper  are  drained,  from  beginning  to  end,  alone  by  the 
Schoharie  Creek  and  its  tributaries.  They  thus  form  a  unique 
hydrographic  basin. 

It  is  true  that  the  Kaaterskill  derives  the  main  part  of  its 
waters  from  the  inner  amphitheatre  formed  by  the  South  Moun- 
tain, the  ridge  on  which  stands  the  Mountain  House,  and  the 
North  Mountain  Outlook,  at  the  bottom  of  which  they  collect  in 
the  Catskill  Lakes :  but  this  can  scarcely  be  regarded  as  an  ex- 
ception ;  for  after  a  course  of  not  much  more  than  a  mile  they 
suddenly  leap  into  the  deep  gorge  forming  the  beautiful  cascade 
of  the  Kaaterskill  and  joining  the  other  branch  which  descends 
from  Haines'  Falls,  their  rivals  in  wild  beauty,  they  hurry  to- 
gether in  rapids  through  precipitous  chasms  out  of  the  moun- 
tains. The  whole  distance  from  Haines'  Falls,  at  the  head  of 
the  valley  to  its  outlet,  at  Palenville,  is  only  three  miles.  The 
same  may  be  said  of  the  Plaaterkill  Creek,  which  flowing  from 
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the  Indian  Head  precipitates  itself  almost  immediately  into  the 
deep  clove  bearing  its  name,  from  which  its  roaring  waters  issue 
only  two  miles  below.  Both  properly  belong  to  the  outside 
alopea. 

The  main  Schoharie  Creek  originates  at  the  foot  of  the  Scho- 
harie peaks,  near  the  head  of  ibe  Plaaterkill  Glove,  from  which 
it  is  hardly  separated   by  a  slight  swell  iu  the  swampy  valley 
bottom.     It  follows  closely  the  foot  oF  the  central  chain  and 
receives  just  below  TannersviUe  its  firat  affluent,  also  coming 
from  swampy  meadows  near  Haines'  Falls,  at  the  head  of  the 
Kaatei'skill  Clove ;  these  two  head  streams  embracing  the  chain 
of  the  High  Peak.     The  creek,  keeping  the  directioo  of  the 
centra!  chain    to    the   west-northwest,  flows   through    Hunter 
[    village  160H  feet  to  Lexington,  1320  feet,  where  it  turns  with 
ft  the  chain   to  tlie  riortiiwest.  to  the  mouth  of  ihe  Beaverkill 
^Oraek,  teyoDd  PmtBrilie,  li6i  Ibeb.    - 

Hen  it  leaves  the  central  ohaia  and,  ranoiBg  almost  dm 
Mrtfi  to  tbe  ofxtfiaant  of  the  MaoorkUl,  it  Mtna  iIm  bimb«C 
die  Dorthveateni  plateaoa,  oatting  {nun  Oilboa  IMS  IM^  to 
Middlebarg  640  feet,  a  deep  and  sarrov  vaUej,  tlie  botton  o{ 
which  is  (nm  1000  to  1800  feet  below  the  general  IvmIoI 
the  oooDti^  it  tiavenei,  while  the  oooanonal  fii*  bottouui  ia-ll.' 
at  BleDheuD,  Bieakabeen,  Fohoi^iaiB  aod  Ifiddleboigb  bks^ 
attain  more  than  half  a  mtle  in  widA.  Its  coarse  fbom  lMw<  ' 
heim,  throngh  Middleburg,  Schoharie  and  Central  Bridge, 
where  it  receives  the  Cobbleskill  Creek,  is  alternately  to  Doito- 
northeast  aod  north.  From  this  place,  instead  of  following  the 
broad  valley  through  which  runs  the  Albany  and  Susquehanna 
Bailroad,  it  leaves  it  and  cutting  its  way  at  right  angles  throngh 
tbe  high  bills  which  border  the  Mohawk,  it  tinally  enters  that 
river  near  Fort  Hunter,  aHer  a  course  of  over  seventy-aiz 
miles. 

All  the  main  tributaries  of  the  Schoharie  Creek  in  the 
mountain  region,  tbe  Eaatkill,  the  BataviakiU,  tbe  Manorkill, 
come  from  the  northeast  border  chain  and  flow  almost  doe 
west  toward  the  central  chain,  on  the  opposite  side,  where 
they  enter  the  main  creek ;  the  Eaetkill,  three  milea  above 
Lexington,  the  BataviakiU  just  above  Prattsville,  the  Manor 
kill  at  Gilboa.  Like  most  valleys  of  erosion  they  offer,  in 
their  upper  and  middle  coui-se,  a  succession  of  flat  and  open 
basins  from  which  they  fall  throngh  narrows,  in  rapids  and 
cascades,  into  the  valley  of  tbe  main  creek.  The  left  afflaeots 
from  the  central  chain,  the  Westkill,  Little  Westkill  and  the 
Beaverkill,  are  all  inconsiderable  in  length  and  volnme.  fo 
the  r^ion  of  tbe  plateaus  another  Westkill,  on  the  west,  at 
Blenheim,  and  the  Keyserskill  on  the  east,  at  Breakabeea,  are 
hardly  more  than  mere  torrents.  I 
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The  contrast  of  the  broad  open  valleys  between  the  moun- 
tain chains  above  described,  and  the  narrow  and  deep  cut  of 
the  Schoharie  Creek  when  passing  through  the  plateau  region 
is  a  feature  to  be  noted. 

This  drainage  which  sends  the  waters  of  the  Catskills  all  the 
way  around  to  the  Mohawk  to  come  back  by  the  Hudson,  after 
a  course  of  176  miles,  to  within  10  miles  of  their  starting  point 
is  certainly  remarkable,  and  betokens  a  very  peculiar  physical 
structure.  This  is  made  more  striking  by  the  fact  that  on  both 
sides  of  these  highlands  the  waters  of  the  valleys  of  the  Cats- 
kill  and  Esopus  Creeks  flow,  as  we  might  have  expected,  from 
the  western  plateaus  directly  to  the  Hudson  River.  These 
three  streams,  which  are  so  near  each  other,  flow  in  opposite 
directions,  and  it  seems  as  if  this  plateau  of  the  Catskills  had 
been  lifted  up  on  its  eastern  part  to  a  higher  level  from  which 
its  waters  were  sent  in  the  opposite  direction. 

From  the  nearly  horizontal  position  of  the  strata  which  is 
common  to  the  mountains  and  the  surrounding  plateaus  and 
from  the  peculiar  features  of  the  drainage,  we  are  led  to  admit 
that  the  plastic  forms  of  the  Catskill  region  are  the  work  of 
the  erosive  forces  which  have  been  so  long  active  since  the 
time  of  their  first  upheaval.  Neither  of  these  mountain  chains, 
the  central  no  more  than  the  transverse  ranges,  have  the  charac- 
ter of  anticlinal  axes  of  elevation,  nor  are  the  valleys  synclinal 
folda  These  orographic  features  therefore  are  not  due  to  the 
ordinary  dynamic  process  which  has  folded  and  shaped  into 
southwest  and  northeast  mountain  ranges,  the  other  portions  of 
the  Appalachian  system,  and  do  not  constitute  an  exception  to 
the  rule.  The  idea  of  a  series  of  axes  of  elevation,  the  princi- 
pal of  which  is  prolonged  on  the  northwest  to  Little  Falls,  on 
the  Mohawk,  and  is  often  represented  as  connecting  the  Cats- 
kills  with  the  southern  chains  of  the  Adirondacks,  has  thus  no 
foundation  whatever  in  nature.  The  nearly  continuous  heights, 
up  to  2000  feet  and  more,  which  form  the  water-shed  between 
the  Schoharie  Creek,  the  Mohawk  and  the  various  branches  of 
the  Susquehanna  are  but  the  swelled  border  of  the  plateaus 
falling  rather  abruptly  into  the  Mohawk  valley.  We  may, 
therefore,  conceive  the  original  form  of  the  Catskills  to  have 
been  that  of  a  high  plateau,  a  mass  elevation,  forming  a  part  of 
the  Appalachian  plateau  region  which  extends  west  of  the 
Alleghanies  from  South  Virginia,  and  fills  nearly  all  the  west- 
ern portion  of  the  State  of  New  York,  south  of  Lake  Ontario 
and  the  Mohawk  River.  The  lowest  altitude  of  the  primitive 
plateau  is  marked  by  the  ideal  plane  which  would  pass 
through  the  mountain  tops,  and  its  superior  elevation  on  the 
east  would  account  for  the  flow  of  the  waters,  the  gradual 
scooping  out  and  the  sloping  of  the  valleys  in  the  direction 
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thej  now  have.  This  maj  also  explain  the  possibility  of  the 
creek,  below  Prattsville,  cutting  through  the  western  plateau  t. 
thousand  feet  higher  than  its  level,  when  we  conceive  that  the 
ei-osion  was  begun  by  a  stream  coming  from  a  higher  le?«l 
than  the  present  plateau. 

ITie  Southern  CalskilU  are  far  from  having  the  regular  features 
which  characterize  the  Northern  group ;  nor  are  the  boundimes 
as  well  defined,  except  along  the  Esopus  valley.  The  central 
niass  containing  the  moat  continuous  and  elevated  chains,  from 
which  flow  the  head  waters  of  the  Esopus  on  the  north  and  of 
Navesink  and  Bondout  Creeks  on  the  south,  occupies  the  town- 
ships of  Shandaken  and  Denning.  It  ia  flanked  on  the  east 
by  several  high  chains  running  north  and  south,  in  Olive,  and 
on  the  west  oy  long  ridgee,  extending  to  the  southwest  and 
northwest  into  the  Delaware  Basin,  in  Hardenburg.  The  ex- 
tent of  this  mountain  tract  from  the  Eaopus  at  Olive  City  to  the 
Delaware  near  Margaretville,  at  the  end  of  the  Drybrook  ridge, 
ia  25  miles;  it^  width  from  the  Esopus  at  Shandaken  to  the 
Bouthwestern  boundary  of  Denning  ia  about  16  miles. 

We  iind  here  no  interior  plateau  enclosed  between  high  bor- 
der chains.  The  massive  central  chain,  which  bears  the  higheel 
summit  is  accessible  from  all  the  surrounding  valleys  without 
crossing  any  high  pass  ;  but  the  roughness  of  the  wild  mouD- 
tain  torrents  and  the  unbroken  primitive  forest  make  that  access 
anything  but  an  easy  task.  Though  the  direclion  of  the  main 
chain  is  about  the  same  as  in  the  northern  Catskills,  viz :  west- 
northwest  and  northwest,  several  important  ridges  run  to  the 
north  and  northeast,  almost  at  right  angles,  a  directioa  never 
found  in  the  first  group,  and  imparting  considerable  irregalarity 
to  the  physical  structure  of  the  Southern  Catskills. 

The  main  chain,  beginning  with  the  Slide  Mountain,  stretcbea 
west  22°  north  for  8  miles  to  the  broad  knob  of  Eagle  Moun- 
tain, from  which  it  turns  at  right  angles,  north  SO**  east,  4  miles 
to  Balsam  Mountain,  and  changes  again,  beyond  the  Lost  Cove, 
to  north  40°  west  in  Belle  Ayre  where  it  terminates.  The  fiiat 
two  parts  form  a  dark,  high,  unbroken  wall  of  12  miles,  densely 
wooded,  crossed  by  a  single  wood  road,  in  the  Big  Indian,  or 
Helsinger  Notch,  2677  feet  Few  summits  rise  much  higher  than 
the  general  crest.  They  are,  from  east  to  west,  the  Slide  Moun- 
tain 4205  feet,  Hemlock  Mountain,  Spruce  top  8567  feet,  Fir 
Mountain,  about  the  same  height,  Eagle  Mountain  8560  feet, 
Balsam  Mountain,  south  end,  3601  feet  Belle  Ayre  has  A 
milder  aspect  and  descends  to  SS94  feet  in  its  highest  portitm. 

The  Slide  Mountain,  the  culminating  point  of  the  Southero, 
and  the  highest  of  all  the  Catskills,  is  in  many  respects  quite 
remarkable.     It  terminates  abruptly  on  the  northeast  toward     i 
the  deep  valley  of  Woodland,  or  Snyder  Hollow,  showing  aigos    J 
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of  a  slide  of  fallen  rocks  which  suggested  its  nama  From  its 
broad  triangular  top  it  sends  a  ridge  toward  the  southeast, 
which  divides  the  waters  of  the  Esopus  from  those  of  the  Eon- 
dout,  and  terminates  in  the  Lone  Mountain  3670  feet,  by  which 
it  is  almast  connected  with  the  Wittemberg  chain.  Another 
high  ridge  descends  toward  the  south  and  nearly  reaches  the 
high  group  of  Table  Mountain  8865  feet,  and  Peak-o*-Mou8e 
S876  ^et,  which  separates  the  head  waters  of  the  Bondout  from 
those  of  the  East  branch  of  the  Navesink.  It  thus  becomes  the 
main  hydrographic  center  of  the  region,  sending  its  waters  to 
the  northwest  by  the  Esopus ;  northeast  to  the  same  by  the 
Woodland  Creek  ;  south  by  the  Bondout  to  the  Hudson  ;  south- 
west by  the  Navesink  to  the  Delawara  At  500  feet  from  the 
top,  steep  ledges,  suddenly  breaking  the  evenness  of  the  ridge, 
mark  the  base  of  the  cap  of  hard  Subcarboniferous  conglomer- 
ate (No.  10  of  the  Ist  Pennsylvania  Survey,  according  to  James 
Hall)  which  crowns  the  king  of  the  Catskills.  An  easy  ascent 
is  found  by  taking  the  roaa  from  Big  Indian  to  the  Helsinger 
Notch,  from  which  the  ridge,  just  beyond  the  Navesink  waters, 
leads  to  the  top  by  a  regular  and  gentle  slope. 

On  the  east  several  chains  not  yet  well  studied  run  from  the 
neighborhood  of  the  Slide  between  the  Woodland  Creek  and 
the  middle  cou^e  of  the  Esopus.  The  most  important  is  the 
rough  chain  of  the  Wittem bergs.  The  highest  points  are  from 
south  to  north,  Cornell  Mountain,  8681,  near  Lone  Mountain 
and  on  the  line  of  the  Slide ;  Friday  Mountain  and  Great  Wit- 
temberg 8778  feet.  Further  to  the  east,  and  south  of  Shokan, 
High  Point,  celebrated  for  the  beauty  of  its  panorama,  rises 
almost  isolated  from  a  low  ridge  to  the  altitude  of  8098  feet 

Between  the  Slide  and  Balsam  range,  on  the  south  and  west, 
and  the  Wittemberg  chain,  on  the  east,  lies  the  central  plateau 
of  the  Pantherkill,  7  miles  wide  each  way,  wild  and  wooded, 
entirely  surrounded  by  the  waters  of  the  Esopus  and  the  Wood- 
land Creek.  It  is  surmounted  by  a  long  ridge  running  nearly 
due  north  from  Slide  Mountain  with  two  prominent  peaks,  the 
highest  of  which,  the  Pantherkill  Mountain,  rises  to  an  alti- 
tude of  8828  feet  It  is  deeply  scooped  out  by  torrents  which 
pour  their  waters,  on  the  west  directly,  and  on  the  east  by  the 
Woodland  Creek,  into  the  Esopus. 

On  the  southwest  of  the  angle  formed  by  the  Fir  and  Eagle 
Mountains,  but  hardly  connected  with  the  main  chain,  rise  two 
mountain  peaks  of  still  greater  altitude,  Graham  Mountain, 
8886  feet,  and  Double  Top,  3875  feet,  called  respectively,  by 
the  few  settlers  South  Mountain  and  Bound  Top.  I  have 
already  said  that  my  reason  for  changing  these  names  was  to 
avoid  the  confusion  arising  from  their  frequent  repetition. 
These  two  high  peaks,  closely  connected  togetner,  are  situated, 
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in  regard  to  the  main  chain,  as  Table  Mountain  and  Peak-o*- 
Mouse  are  at  the  east  end,  south  of  the  Slide ;  and  both  groups 
are  of  the  same  elevation.  The  Graham  Mountain  group  is  a 
remarkable  hydrographic  center  sending  many  branches  to  the 
Delaware ;  the  Drybrook  and  the  Millbrook  to  the  north  and 
west ;  the  Beaverkill  and  Navesink  west  branch  to  the  south- 
west  and  south.  Graham  Mountain  is  also  the  head  of  a  long 
ridge  in  which  reappears  the  normal  trend  of  the  Appalachian 
chains,  which  is  also  indicated  by  the  course  of  the  Navesink 
and  of  the  upper  Rondout  Creek.  But  all  that  region  lies 
beyond  the  pale  of  my  observations  and  requires  further  inves- 
tigation. 

What  was  said  above  of  the  Geological  structure  of  the 
Northern  Catskills  is  true  of  the  Southern  group. 

Notwithstanding  the  greater  variety  of  its  plastic  forms, 
which  would,  at  first  sight,  indicate  considerable  dislocations, 
the  nearly  horizontal  position  of  the  strata,  which  predominates 
except  in  a  few  and  limited  locjdities,  forbids  the  belief  that 
they  were  the  ruling  element  in  their  formation.  The  moun- 
tain chains  are  no  anticlinals,  nor  are  the  valleys  synclinals. 
Erosion  and  slow  disintegration  seem  to  have  been  the  main 
efficient  causes  of  the  conformation  of  the  surface. 

If  we  reconstruct  in  imagination  the  original  plateau  from 
which  these  orographic  features  have  been  sculptured,  by  pass- 
ing a  plane  through  the  principal  heights,  we  shall  fina  a  law 
very  much  like  that  observed  in  the  Northern  Catskills.  From 
High  Point,  at  the  eastern  border  of  mountain  land,  3098  feet, 
the  plane  passing  through  Lone  Mountain,  3670,  reaches  in  the 
Slide  its  maximum,  4200  at  7  miles,  one  third  of  its  total 
length.  It  thence  descends  more  gradually  through  the  Eagle 
Mountain,  3500  feet,  down  to  Belle  Ayre,  3400  feet,  14  miles, 
or  two-thirds  of  the  entire  distance. 

Why  it  is  that,  notwithstanding  the  similarity  of  general 
structure,  the  streams  in  the  Southern  Catskills  should  have 
taken  an  opposite  course  and  shaped  themselves  into  an  entirely 
different  system,  is  not  easy  to  say.  The  absence  of  border 
chains  ancl  of  the  eastern  projection,  so  characteristic  of  the 
northern  group,  may  partially  account  for  this  diflFerence. 

Primitive,  and  perhaps  later,  dislocations,  even  when  in  the 
shape  of  simple  cracks,  may  have  had  a  share  of  influence  in 
bringing  about  the  result.  Traces  of  the  great  diluvian  gla- 
ciers are  found  in  abundance  throughout  the  Catskills;  but  I 
have  seen,  in  Switzerland,  too  much  of  the  action  of  glaciers 
on  the  ground  over  which  they  move,  to  attribute  to  that  latest 
of  geological  agencies  any  great  influence  on  the  fundamental 
features  of  the  present  topography  of  the  mountains. 

I  am  fully  aware  that  to  solve  such  problems  and  answer  the 
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geological  (questions  raised  by  the  topographical  features,  indi- 
cated in  this  paper,  requires  a  careful  and  exhaustive  strati- 
graphical  study  which  it  was  impossible  for  me  to  undertake 
while  the  arduous  topographical  and  hypsometrical  work  de- 
•manded  all  my  time  and  attention.  This  must  remain  for 
future  investigation.  Meanwhile,  however,  I  will  add  here  a 
few  preliminary  suggestions. 

The  masses  of  rocks  forming  the  Catskill  Mountains  were 
deposited  in  a  gulf  of  the  Devonian  Sea  comprised  between 
the  Adirondack  plateau  and  the  Green  Mountain  range,  includ- 
ing the  low  Silurian  ridges  between  the  Hudson  and  the  foot 
of  the  Catskills,  all  of  which  were  probably  emerged  when  the 
Devonian  age  began.  Most  of  New  England  was  also  above 
the  level  of  the  ocean.  The  thickness  of  the  sediments  shows 
that  the  bottom  of  this  gulf  gradually  subsided  during  that 
time  to  a  depth  of  some  6000  feet,  constantly  making  room 
for  new  deposits. 

The  presence  of  the  gray  conglomerate  capping  the  highest 
hills  proves  that  the  deposition  of  these  sediments  continued 
into  the  Subcarboniferous  period,  after  which  they  were 
upheaved  above  the  level  of  the  ocean,  before  the  deposit  of 
the  Coal-measures,  and  have  remained  emerged  ever  since. 

The  slight  southward  dip  indicates  that  daring  the  Devon- 
ian age  a  general  and  gradual  rise  of  the  continent  took  place 
from  the  north,  which  raised  successively  above  water  parts  of 
the  Lower  and  Upper  Silurian,  in  the  Helderberg  and  Oris- 
kany  sandstone,  which  were  laid  dry  when  the  Catskill  sand- 
stones and  shales  were  still  depositing. 

The  most  notable  upheaval  of  the  Catskill  region  probably 
took  place  at  the  thne  of  the  great  revolution  which  raised  the 
main  Appalachian  system  ;  doubled  the  size  of  the  early  con- 
tinent and  closed  tne  Carboniferous  aga  But  the  peculiar 
situation  which  sheltered  it  from  the  immediate  effect  of  the 
force  which  was  in  play,  the  lateral  pressure  arising  from  the 
sinking  of  the  bed  of  the  Atlantic,  modified  the  hypsometric 
form  of  that  portion  of  the  western  plateaus. 

A  glance  at  the  sketch  (Plate  XIX)  will  show  that,  when  this 
great  Appalachian  upheaval  began,  the  domain  of  the  Catskills 
was  secluded  from  the  ocean  by  large  tracts  of  preexisting 
lands ;  the  Adirondack  plateau  on  the  north.  New  England 
and  the  Green  Mountain  ranges  on  the  east  which,  though 
affected  themselves  in  a  measure,  served  as  a  barrier  against  a 
strong  action  of  the  upheaving  force  from  those  quarters  on 
the  r^on  beyond.  Farther  south,  however,  no  oostacle  in- 
tervening, the  force  was  free  to  display  its  full  power ;  and  to 
this  cause,  1  am  inclined  to  attribute  not  only  the  folding  of 
the  numerous  Appalachian  chains,  but  also  the  remarkable 
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bend  westward  of  the  whole  system,  Id  Pennsylvania,  as  well 
as  the  significant  fact  that  it  is  in  the  prolongation  of  the  axis 
of  that  convexity  that  the  western  plateaas  beyond  swell  to 
their  greatest  average  height,  in  the  region  of  the  sources  of 
the  SusquehaDDa,  Alleghany  and  Oenesee  Bivers.  To  this 
pushing  northwest  and  northward  of  the  land,  and  its  reflex 
action  northeastward,  the  swelling  of  the  plateaus  of  western 
New  York  may  be,  in  great  measure,  attributed.  The  Catskills 
would  thus  have  been  subjected  to  a  pushing  action,  from 
three  or  four  opposite  directions,  by  the  rising  lands :  From 
the  Adirondack  plateau  on  the  north,  from  the  Green  Moun- 
tains on  the  east  and  from  the  rising  Appalachians  on  the 
southwest  and  south  ;  and  hence,  perhaps,  their  superior 
elevation  above  all  the  surrounding  lands. 

On  the  other  hand,  it  might  be  supposed  that  the  covering 
of  the  hard  Subcarboniferous  conglomerate,  which  must  have 
been  general  in  the  Catskills,  protecting  the  underlying  strata 
of  the  Gatskill  formation  against  denudation,  prevented  their 
being  swept  away,  as  in  the  surrounding  region,  and  thus  pre- 
serve!, in  a  greater  measure,  their  primitive  elevation.  But 
the  known  facts  hardly  warrant  more  than  a  surmise. 

In  a  very  interesting  paper  published  in  the  Proceedings  of  the 
American  Association  for  the  Advancement  of  Science,  in  1875, 
James  Hall  announces,  as  the  result  of  four  years'  observation 
of  two  of  his  assistants,  the  existence  in  the  Catskills  of  four 
lines  of  anticlinals,  nearly  parallel  to  each  other  and  running 
from  the  southwest  to  northeast  in  conformitv  with  the  ordin- 
ary  trend  of  the  Appalachian  ranges ;  the  synclinals  occupying 
the  summits,  the  anticlinals  the  bottom  of  the  valleys.  As  the 
map  and  sections  accompanying  the  paper  have  not  been 
published,  I  cannot  locate  them,  but  one  of  the  synclinals 
passes  through  the  Slide  Mountain.  Notwithstanding  the 
great  difficulty  of  determining  such  stratigraphical  changes  in 
so  rough  a  country  when  the  dip  varies  but  a  few  degrees,  I 
am  quite  disposed  to  acknowledge  the  reality  of  a  fact  observed 
with  so  much  care.  But  if  the  trend  of  these  axes  is  what  it  is 
said  to  be,  far  from  coinciding  with  the  chains  and  valleys, 
they  cross  them  almost  at  right  angles,  and  were  probably 
posterior  to  the  scooping  out  of  the  valley's  and  mountain 
chains,  on  the  conformation  of  which  they  had  so  little  effect 
They  were  the  last  effort  of  the  forces  which  have  shaped 
the  main  Appalachians. 

A  hypsometric  feature  which  may  refer  to  this  order  of 
facts  is  that  the  three  maxima  of  altitudes,  above  4000  feet, 
the  Slide  Mountain,  Hunter  Mountain  and  Black  Dome,  are 
situated  in  a  straight  line,  trending  from  southwest  to  northeast 

The  short  descending  plane  from  this  line  eastward,  which 


of  the  Catskill  Mountains, 
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3  have  noticed  as  belonging  both  to  the  northern  and  the 

uthem  group,  may  be  due  to  a  subsequent  subsidence  of  the 

peat  Hudson  Valley. 

This  valley  during  the  Champlain  Epoch  of  the  Quarternary 

;e  was  an  arm  of  the  sea.    The  east  end  of  the  Catskills  was 

en  a  series  of  high  marine  bluffs,  worn  out  by  the  action  of 

e  waves,  which  would  explain  the  abruptness  of  their  eastern 

rmination. 

I  need  not  repeat  that  I  consider  the  above  suggestions  as 

ere  hints  for  future  investigation. 

I  here  add  a  classified  list  of  most  of  the  points  mentioned, 

duced  to  the  ground  above  mean  tide  level  in  New  York 

trbor.     B.  means  a  measurement  by  mercurial  barometer, 

ner.  by  aneroid,  P.L.  by  pocket  level. 


Northern  Catskills. 

Feet. 
Half-way  House 286 

Palenyille — Union  Church.     470 

Entr.  of  Kaaterekill  Clove  .     609 

Palenville  Hotel,  lower  bdg.    680 

Morefalls  bridge 883 

Lakecreek  bridge 1217 

Haines*  Falls,  Chas.  Haines  1890 

Vista,  Aaron  Haines*  Porch  1932 

Bridge,  Miles  Haines 1906 

Dixon's  Hill 2045 

Kiskatom 687 

Sleepy  Hollow 1290 

Catskill  Mountain  House  ..  2225 

Catskill  Lakes 2140 

Laurel  House  Piazza 2038 

W.  Saugerties,  Quarrybank     660 

Head  of  Plaaterkill  Falls  ..  1855 


Schoharie  Creek — Main  Valley. 

Headwaters  Schoharie  Cr'k  1900 

Mulford's  Summit  House  . .  2043 

Tannereville  Hotel 1926 

Hunter  Village,  Rusk's 1609 

Lexington  Bridge 1320 

Westkill  VUlage 1538 

Prattsville  Hotel 1 164 

Gilboa  Hotel 1036 

North  Blenheim,  Bridge. ..  800 

Breakabeen,  Creek 7 43 

Fultonham,  Church 714 

Hiddleburg  R.  R.  Depot...  640 


Feet. 
Schoha/rie  Oreek — Tributaries. 

B.       Peters  Fann.    East  Kill. ..  2100 
B.       Jewett  Heights,  Church  ...  1810 

VaUey  of  Batavia  KUL 

B.  Big  hollow,  Church 1768 

B.  Hensonville,  Cross  road 1646 

B.  Union  Society,  Bloodgood  .  1670 

B.  Windham  Center,  Hotel ...  1510 

B.  Asland  Center  P.  0 1435 

B.  Redfalls  P.  0 1270 

Valley  of  CatskiU  Oreek. 

B.        Cairo 346 

B.        Acra 646 

B.        Comwallville 950 

B.        South  Durham 969 

B.        West  Durham 1884 

B.        DurhamCeuter 850 

B.  Oakhill  Bdg.,  Catskill  Creek  609 

B.        Cooksburg 756 

B.        Preston  Hollow 870 

B.        Livingstonville    1100 

B.        Franklinton 1260 

B.        Potter's  Hollow 870 

B.        Smithton   1268 

B.  Highland  House,  Piazza...  1857 

B.        Broome  Center,  Hotel 1973 

B.        Makee's  Comers 1964 

Central  Chain. 

B.        Woodstock,  Hotel 694 

B.        Mead's  House 1789 


•'f.-m-  -^  r'  ■=   f-  .1-^  ^:*^  :^^% 


■r.  . 


4i»    JL  0i^ol~/>)l9Miiarii0iui%«iB^  i^«e  datfttUB  Iflk 


B.'  Ofwlook  ICmnliili  Houe.  29T8 

B.  (h^ooklCmiiMa  ..••...  8100 

&       FlMteiidn  Ml 3280 

B.     tlnailaiBHi.. ; se04 

B.  '  Iaiiliiiliei4  Bii^  F^iik  ....  8880 

B.  "          MUdle'*    ....  8610 

B.  .     «          V«tl   «*    .^..  8681 

B.       Soholiarto  But  FMdc 8688 

R  **       Wirt  "    ......  8800 

B.       Mink  Konntein 880Y 

B.'  lOiiiiBoQow.flaiiiiiillroad  8689 

B      Btoiijr  Mt  BmI  end^ 8844 

B.         <*      »    Omtar... .  8888 

B.  **      **    West  end 8t80 

B.  Stony  doYe)  i^prosiiiiato..  1700 

R       Hunter  KoontMB 4088 

R       Odoiiel's  Ghair,  9.  end 8089 

R  «  «     HSgMt 8166 

B.       Bode  Ml 3686 

Aaflr.  Brergreen  Ki, : 8684 

Bee  line      <•    8800 

Plnelidtad<*    8(m6 

Aner.  Lezingtom  **    2930 

WestkiU  Range. 

B.        Big  WestkiU  Mt ^  3896 

PL.     DeepHollowMt 3600 

B.'       Deep  Hollow,  Summit  road  1973 

B.       Beech  Ridge  Gap 3096 

B.       Vlaie,  pr  Fly  Mt .,.  3631 

Halcoit  Gap,  Sum.  Road...  2726 

Aner.  Bearpen  Mt - 3646 

Summit  road  to  Batavia  E..  3180 

B.        Ontiora,  Little  West  KiU  ..  3468 

B.        ntsjantha  Mt  near  Staml  3203 

Chain  of  Highpeak, 

B.        Highpeak  (Old  Roundtop)  .  3664 

B.        Roundtop 3500 

B.        ClumHill 2372 

North  Border  Chain. 

B.  South  Mt,  near  Mt.  House.  2497 

B.       Palenville  Overlook 1 660 

B.       Sunset  Rock 2115 

B.        Point  of  Rocks 2178 

B.  North  Mountain,  Outlook..  3100 

B.  *»            "          East  Peak  3286 


R  Fortt  MraiMbl,  W^'Sfeoitf  umi 

R  Tthtt^A^mmA ^^^ 

Flu  Burnt  Mt 

B.  ynmOmmWikifmat 

R  Qftad  Ykm  mmA  ..^^..  II 

R  OidB  XooBtaiiL. 

R  SnnmdlfioMe. 

P.L  Hftjaea  WL  ... 

R  FiMleeilill)^  Ste  Rode  -,»•.. 

R  FtelEerKatoh .«..:^ 

px.  BMiianm. tii 

B.  But  Jewell  m.^ .. 814 

R  BhwMiend  ..... 

R  lioolnrood  Gap.. 

R  KbDlMailit.^.. 

R  Weelpeik^  Nil  4  a......^^ 

Aafi^  Belong  1C&  ......«..««,««m 

Amc  HeBMB  Gep^ 

Amcl  West  Jeipett  ML 

B.  Tower  Mt lOH" 

Piagah  Range, 

B.  Pisgah 2905 

B.  Richmond  Gone 3202 

B.  Sister  Knob 3002 

B.  Ashland  Pinnacle 3420 

Northwestern  OataMh. 

B.  Sutton  Gap,  road 2235 

B.  Sutton  Hill 2573 

B.  Potter's  Hollow  Gap,  road  .  1964 

B.  Koni  or  Pine  hni 2337 

B.  BennetNotch 1994 

B.  High  Knob 2654 

B.  Best  HiU 2649 

B.  Barlow  Hill 2651 

B.  Gordon  Gkip,  road 2504 

B.  Gordon  HiU 2629 

B.  Leonard  Hill 2649 

B.  Manorkm 1520 

B.  Stone  Bridge 1381 

B.  Strykersville 1215 

B.  Piatt  Creek  Church 16» 

Aner.  Mine  HiU 28W 
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Southern  Gatskills. 

Highpoint 

Peak  o' Motse 

Table  Mountain ._. 

Dominie  Hammond's  House 

Lone  Mt 

CJornell  Mt 

WittembergMt 

Woodland,  N.  W.  Beach's  H. 

PantherkillMt 

SUde  Mt 

Helsinger  Notch 

Sprucetop 

Eagle  Mt 


Feet. 
3098 

B. 
B. 

Balsam  Mt,  South  End 

"        "    North  End.-, 

Feet. 
3601 

3571 

38T6 

B. 

Belle  Ayre  Mt,max 

3394 

3865 

B. 

Graham  Mt — Dry  Brook  .. 

3886 

1945 

B. 

Doubletop   

3876 

3670 

B. 

Segar's  house — Dry  Brook. 

1923 

3681 

B. 

Mol jneux  House  Porch  _ . . 

1315 

3778 

B. 

Guigou's  Boarding  House  . 

1439 

1140 

B. 

Pine  Hili;Village 

1512 

3828 

B. 

Undercliff  

2200 

4205 

B. 

Rose  Notch 

2743 

2677 

B. 

Birch  KiU  Notch 

2334 

3567 

B. 

Monkey  Hill  (Mucky) 

2489 

3560 

B. 

HaloottMt 

3504 

vaiUms  above  kighwater  of  Rondout^  by  leveU  of  (he  Ulaier  dk  Delaware  Railroad; 

communieaied  by  Geo.  CoykendaU,  SupL 


idout   2 

igston 155 

Bt  Hurley 540 

re-Branch 511 

oks  Crossing 525 

dhead's  Bridge 500 

»kan 533 

ceville 598 

ant  Pleasant 690 

)enicia  790 

c  Hollow 996  I 


Shandaken  1069 

Big  Indian 1209 

Summit 1886 

Griffins' Comers 1516 

Dean's  Comers 1344 

Halcottville 1399 

Strattons' Falls 1456 

Roxbury 1497 

Grand  Gorge ^ 1570 

Stamford 1767 


RT.  LVIII. — Recent  Eocphrations  in  (he  Wappinger  Valley  Lime* 
atone  of  Dutchess  County,  N,  Y, ;  by  Professor  W.  B.  DwiGHT, 
Vassar  College,  Poughkeepsie,  K  Y.     With  plate  XXL 

o.  3. — Desckiptton  of  a  new  DisciNon)  Bbachiopod  from 
THE  Trenton  at  Newburgh,  N.  Y. 

In  a  recent  article  on  a  locality  of  Trenton  limestone  at  New- 
irgh,  N.  Y.,*  the  writer  mentioned  his  discovery  of  a  new 
Disci na"  at  this  spot,  reserving  its  description  till  a  more 
orough  study  could  be  made  of  it.  I  am  happy  to  acknowl- 
ge  my  indebtedness  in  this  examination  to  the  cordial  and 
iry  valuable  assistance  of  Mr.  E.  P.  Whitfield,  especially  in 
solving  the  internal  characteristics. 

It  has  become  evident  that  its  features  remove  it  from  the 
nus  Discina,  to  which  I  had  at  first  referred  it,  the  chief 
►ints  of  distinction  being  the  position  of  the  peduncular 
oove  in  the  more  conical  valve,  while  in  Discina  it  occurs  in 

*  This  Journal,  January,  1880. 
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the  lees  oonical  one,  and,  more  especially,  the  marked  diffemtee 
in  the  character  of  the  muscular  impressions. 

It  is  quite  possible  that  it  represents  a  new  genua,  hut  I  will 
refer  it  provisionaily  to  that  one  of  the  Discinoid  genera  to 
which  it  seems  the  more  closely  related. 

Ckbiculoidea*  contca,  sp.  nov. — Shell  black  and  flinty,  sub- 
orbicular:  longest  diameter  12°™  or  less;  eminently  lamellose 
in  character.  Ventral  valve  highly  conical,  varying  from  a 
!(  quite  regular  cone  with  a  slightly  flaring  margin,  to  a  tovrer 
cone  with  widely  flaring  mar^o,  and  sometimes  assunaing  sah- 
cylindrical  and  gibbous  forms ;  apex  pointed,  sub-central,  ele- 
vated in  many  apecimens  ^  a  diameter  or  more  above  the  inar- 
^nal  plane;  peduncular  groove  ovate,  extending  from  ^  to  ^ 
the  distance  from  the  apex  to  the  margin,  foramen  at  the  wider 
part,  L  e.  at  the  end  most  distant  from  the  apex.  Dorsal  valve 
either  nearly  flat,  slightly  convex,  or  somewhat  cOncave ;  apex 
from  ^th  to  ^  of  a  diameter  distant  from  the  nearest  part  of 
the  margin  ;  and  very  slightly  elevated. 

RBotli  valves  are  marked  exteriorly  by  fine  r^ular  conceatno 
_  ridges,  100  to  an  inch  near  the  margin,  150  to  an   inch  on  the 

general  surface,  but  rapidly  increasing  in  fineness  around  the 
apex  to  250  to  an  inch,  and  there  becoming  very  shallow  oi 
entirely  disappearing  as  shown  in  plate  XXI,  figure  8. 

These  ridges  are  often  sharp,  giving  a  serrated  outline  to  ft 
cross  section  ,in  much  weathered  individuals,  hut  in  such  as  ue 
well-preserved,  they  are  smoothly  rounded,  as  are  also  the  val- 
leys between,  but  slightly  steeper  on  the  apical  side. 

In  the  best  specimens  of  the  internal  markings  of  the  flatter 
(dorsal)  valve,  there  is  a  deep  marginal  pallial  impression,  and 
there  are  two  large  well-marked  pyriform  muscular  impressions 
nearly  central,  diverging  toward  their  broader  portions  posteri- 
orly, leaving  a  Y-shaped  tract  between,  which  is  often  marked 
by  a  central  line  or  fissure.  There  are  apparently  faint  traces 
of  two  additional  and  smaller  muscular  impressions  between 
the  above  and  the  posterior  margin  and  near  to  the  latter ;  these 
are  however  very  doubtful.  The  internal  character  of  the  con- 
ical ventral  valve  cannot  be  satisfactorily  discovered  from  any 
of  the  specimens  on  hand. 

This  fossil  is  remarkable  for  the  position  of  the  foramen  at 
the  distal  extremity  of  the  peduncular  groove — and  still  more 
for  its  marked  crania-like  arrangement  of  muscular  impressioQa 

T  have  found  it  only  in  a  small  tract  of  rock  mostly  at  one 
end  of  the  exposure  of  Trenton,  which  I  described  in  my  last 
paper  as  exhibited  2f  miles  north  of  Newburgb,  N.  Y. ;  hat 
hundreds  of  fragments  of  this  fossil  are  lying  in  close  oontigni^ 
within  four  or  five  hundred  square  feet  of  surface.  The  speci- 
•  D'Orbignj. 
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mens  are  so  exceedingly  brittle  as  to  render  them  difficult  of 
extraction  without  injury,  and  as  to  require  great  caution  in 
the  handling  after  they  are  secured.  Of  the  ventral  valve,  I 
have  found  but  four  or  five  sufficiently  perfect  to  show  the 
peduncular  groove ;  of  the  dorsal  valve  I  nave  obtained  twice 
as  many  which  are  fair  specimens.  The  comparison  of  the 
many  fragments,  and  of  cross  sections  exhibited  in  broken 
rock,  has  served  to  confirm  what  is  indicated  in  the  more  per- 
fect individual&  In  no  instance  have  the  two  valves  been 
found  united,  nor  has  it  been  possible  to  obtain  an  eaually 
satisfactory  exhibition  of  the  general  surface  of  both  siaes  of 
the  same  individual  valve ;  for  the  action  of  acid  in  separating 
the  imbedded  side  from  the  rock  is  apt  to  flake  it  on  injuri- 
ously. The  margins  of  the  specimens  are  almost  invariably  in 
a  broken  state. 

The  shell  has  been  above  described  as  lamellose.  I  have  not 
been  able  to  detect  any  punctate  structure.  In  some  cases, 
especially  in  weathered  specimens,  the  external  ridges  assume 
a  minutely  tuberculous  character,  apparently  due  to  delicate 
radiating  lines  of  internal  structure  more  than  of  external 
form,  which  may  be  detected  in  certain  individuals  crossing 
both  the^  ridges  and  the  inter  spaces ;  these  enable  the  points 
at  which  they  cross  the  ridges  to  resist  weathering  more  than 
the  adjoining  parts.  In  most  cases,  however,  nothing  but  the 
simple  concentric  lines  of  the  ridges  are  visible. 


Explanation  of  Plate. 

Pigaros  1,  2  and  3. — Apical  portions  of  the  lower  (ventral)  valve  of  three  differ- 
ent individuals,  actual  size,  showing  the  peduncular  groove.  No.  3  shows  a  tend- 
en<gr  toward  a  cylindrical  form. 

Figure  1  a. — A  view  of  specimen  figure  1,  enlnrged  2^  diameters,  to  show  the 
shape  of  the  groove,  the  position  of  the  foramen  (at/,)  and  the  strongly  marked 
oonoentric  ridges. 

Figure  4. — Another  lower  valve,  actual  size,  exhibiting  a  broadly  flattened 
margin,  to  the  diminution  of  the  height  of  the  apex. 

Figure  5. — ^The  largest  lower  valve  yet  found ;  nearly  a  reg^ular  cone ;  the  mar- 
ginal edge  wanting ;  (actual  size.) 

Figure  6. — A  fhigment  of  an  upper  (dorsal)  valve,  actual  size,  showing  the  apex 
and  considerable  concavity  of  the  surface  between  the  apex  and  anterior  margin. 

Figure  7.— A  nearly  perfect  and  very  flat  specimen  of  the  upper  valve  showing 
the  apex  slightly  elevated  and  about  ^  diameter  from  the  nearest  margin. 

Figure  7  a.— -Same,  magnified  two  diameters  to  show  concentric  ridges. 

Figure  8. — A  cross  section  through  a  portion  of  the  upper  valve,  extending  from 
the  apex  at  a,  a  short  distance  toward  the  anterior  margin,  magnified  nine  times, 
Bhowing  the  laminations  of  the  shell  and  the  character  of  l^e  ridges. 

Figure  9. — A  cross  section  of  upper  valve,  near  posterior  margin,  parallel  to  the 
shorter  diameter. 

Figures  10  and  11. — Interiors  of  upper  valves  of  two  individuals*  actual  size, 
sho^dng  clearly  the  pallial  impression  and  one  pair  of  muscular  impressions  with 
some  indications  of  a  second  pair  near  the  posterior  margin  (lower  part  of  the 
figure.) 

Figure  11  a. — An  enlargement,  two  diameters,  of  specimen  figure  11. 

Figure  12. — An  ideal  profile  of  the  two  valves  united  and  in  position. 
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Aet.  IjIX, — The  Qi/or  Coirection   of  certain  Achromatic  Object 
Qlaases ;  by  Prof.  C.  A.  YorNG,  Princeton,  Kew  Jersey, 

The  recent  discussions  in  this  Journal  upon  the  theory  of 
neb  ro  10  at  ism  will  perhaps  give  interest  to  a  brief  statement  of 
the  results  actually  obtained  in  practice,  I  accordingly  present 
the  results  of  my  measurements  upon  two  excellent  object- 
glasses  whicb  have  come  under  my  observation. 

The  first  is  that  of  the  Darimouth  College  Equatorial,  made 
by  the  Clarks  in  1871.  It  has  an  aperture  of  936  iuchea  and 
B  focal  length  of  12  feet.  It  is  considered  by  the  makers  a 
little  under -corrected,  but  suits  my  own  eye  very  well,  in  pleas- 
ant contrast  lo  the  violent  over-correction  of  a  6-inch  Munich 
glws  which  I  had  used  for  several  years  previous.  The  spher- 
ical aberration  is  very  perfectly  corrected.  The  curves  are 
essentially  those  of  Littrow  (Mem.  Roy.  Astron.  Soc,  vol.  iii). 
t,  nearly  equiconvex  lens  of  crown,  and  a  nearly  plano-concave 
flint 

The  other  lens  is  that  of  the  Equatorial  belonging  to  the  ob- 
aervatory  of  the  John  C.  Green  School  of  Science  at  Princeton. 
It  has  an  aperture  of  9'5  inches  and  a  focal  length  of  138,  It 
is  constructed  substantially  upon  the  curves  proposed  by  Gauss 
'{Gauss'  Werke,  vol.  v,  p.  507,  Gottingen  Ed.),  the  radii  and 
constants  of  the  objective  being  as  follows,  viz : 

Crown  lens,  meniscus, )             Kadiue  of  convex  surface,  16*572 

^nvex  side  outward  )             Radius  of  concave  surface,  57*425 

Thickness  at  center,  O'6S0 

Interval  between  lenses,  0-312 

Flint  lens,  concave  convei,  )     Radins  of  convex  surface,  20-684 

convex  side  next  crown,     f     Radius  of  concave  sur&ce,  13'871 

Thickness  at  center,  0-305 

The  radii  were  determined  by  a  delicate  apherometer. 

The  telescope  is  remarkably  excellent  in  every  respect,  espe- 
cially in  the  darkness  of  the  field  and  the  power  of  exhibiting 
faint  objects,  like  the  satellites  of  Mars  and  UranCiB. 

The  observations  on  the  Dartmouth  telescope  were  made  hy 
myself  in  1872 ;  those  on  the  Princeton  instrument  in  1879, 
partly  by  myself  and  partly  by  my  assistant,  Mr.  McNeill. 
The  number  of  observations  on  the  Princeton  telescope  was 
from  ten  to  twenty  for  each. line  of  the  spectrum  examined; 
the  figures  for  the  Dartmouth  instrument  depend  upon  only 
five  measurements  each,  and  are  of  course  somewhat  less  reli- 
able. 

The  method  of  observation  was  in  all  cases  substantially  the 
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same.  The  spectroscope,  arranged  as  for  observation  of  solar 
prominences,  is  attached  to  the  telescope,  which  is  first  pointed 
at  the  center  of  the  sun.  The  portion  of  the  spectrum  to  be 
examined  is  then  brought  to  the  middle  of  the  field  of  view, 
and  one  of  the  longitudinal  dust  lines  (caused  by  particles  be- 
tween the  jaws  of  the  slit,  always  far  more  abundant  than  one 
would  like)  is  made  perfectly  distinct  by  the  focussing  screw 
of  the  spectroscope,  if  the  parts  of  the  spectroscope  all  happen 
to  be  in  exact  adjustment,  tne  true  dark  lines  of  the  spectrum 
and  these  dust-lines  will  of  course  both  be  perfectly  sharp  for 
the  same  focal  adjustment;  but  this  is  seldom  the  case  for  a 
fastidious  eye. 

This  adjustment  of  focus  having  been  accurately  made,  the 
telescope  is  then  so  directed  that  the  edge  of  the  sun's  image 
shall  cross  the  slit  perpendicularly,  and  by  sliding  the  whole 
spectroscope  along  its  supporting  bar  a  position  is  sought 
where  the  edge  of  the  solar  spectrum  shall  be  perfectly  defined 
as  seen  in  the  eyepiece  of  the  spectroscope.  When  this  has 
been  accomplished  the  slit  will  evidently  be  exactly  in  the 
focal  plane  of  those  rays  of  the  spectrum  which  occupy  the 
field  of  view. 

Of  course  if  the  object-glass  is  poor,  or  the  air  unsteady,  no 
point  of  absolute  sharpness  can  be  found,  and  we  have  to  be 
content  with  finding  a  minimum  of  indistinctness.  But  with 
good  seeing  and  an  object-glass  well  corrected  for  spherical 
aberration,  the  observation  admits  a  really  surprising  degree 
of  accuracy,  successive  determinations  of  the  same  point  seldom 
differing,  under  such  circumstances,  as  much  as  half  a  milli- 
meter. 

In  this  way  the  differences  of  focal  length  for  different  parts 
of  the  spectrum  may  be  obtained  with  satisfactory  precision  :  I 
say  differences  because  the  absolute  focal  length  is  all  the  time 
changing  with  the  temperature,  and  that  by  a  considerable 
amount ;  so  that  it  is  necessary  to  recur  to  ana  redetermine  the 
zero  point  continually.  This  zero  in  my  observations  was  the 
focal  plane  of  the  D  linep. 

In  the  table  the  first  column  contains  the  designation  of  the 
spectrum-lines  observed,  either  by  letters,  or  by  their  position 
on  Kirchoff 's  map ;  the  second  gives  the  wave  length  according 
to  Angstrom.  The  remaining  columns  explain  themselves,  ex- 
cept that  c?F  denotes  the  difference,  expressed  in  thousandths 
of  an  inch,  between  the  minimum  focal  length,  and  that  for  the 
particular  ray  of  the  spectrum  in  question,  while  the  columns 

d¥ 

headed  -^r  contain  tl\e  same  quantity  expressed  in  hundred 

thousandths  of  the  focal  length.    I  have  added,  for  comparison, 
in  the  sixth  column,  the  results  of  Lorenzoni  for  a  Fraunhofer 
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objeot-daoo  of  1"''T60  fooal  lei^^tli ;  published  in  tiie  Astro* 
Bomtsobe  Nachriobtoi,  toL  Ixzviii,  p.  289  (1871^  His  num* 
ban  were  obtained  by  calonlation  asid  not  by  direct  messnie- 
Bient^  tbe  oompntstion  bring  based  npon  Snnnhofei'a  dels^ 
minatkm  o(  the  indiees  of  remotion  for  q)edmens  of  glass  like 
that  used  in  the  Ima 


Baj  of  S^^eotihim. 

QftUM. 

Uttroif* 
dF 

JvTOH^BHDSQB* 

tkxn. 

X 

€lF 

F 

7 

▲ 

B 

0 

B 
1286  K 
1474  K 

B 

ft 

c 

F 
2600  X. 

2790  K 

a 

h 

H 

7000 
0800 

0601 

6890 

6690 

6810 

6209 

6188 

4960 

4800 

4630 

4471    . 

4340 

4307 

4101 

3908 

0-199  tib 
-Wi 
•062 
•002 
•000 
•004 

•oil 

•086 
*060 
•197 

•870 
•020 

810  in. 

•00146 

00 

87 

1 

0 

8 

8 
26 

42 
148 

mm    tm 

202 

487 
•00676 

•00172 

97 

49 

0 

86 

mm 

129T 

•■• 

294 

444t 

•000607 

<oeos4f 

62 

2 

16 
26 

ii 

214 

462    ' 

•00682 

A  glance  at  the  table  shows  that  as  to  the  extreme  rajs  there 
is  very  little  difference  between  the  three  objectives,  but  that 
for  the  middle  rays  the  Gauss  lens  is  decidealy  the  best,  and 
the  Littrow  the  worst  The  same  thing  is  still  better  shown  by 
the  diagram  of  the  color  curv^  The  ordinates  of  these  curves 

are  taken  from  the  columns 


1, 


(f) 


of  the  table :  for  abscissas  I 


have  used  the  values  of  j  i.  e.,  the  number  of  wave-lengths  to 

a  millimeter.  If  we  take  the  wave  lengths  themselves  as  ab- 
scissas, the  left-band  portion  of  the  curve  is  so  flattened  and 
extended,  and  the  right-hand  portion  becomes  so  steep  as  to 
make  the  figure  very  inconvenient 

A  ?  is  appended  in  the  table  to  a  few  of  the  numbers  which 
do  not  seem  to  fall  in  well  with  the  general  course  of  the  curve 
to  which  they  ought  to  conform. 

Princeton,  N.  J.,  April  14,  1880. 
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Art.   LX. — NoU  on  the  Companion  of  Sirius ; 

by  Asaph  Hall. 

In  1844,  Bessel  showed  by  a  careful  discussioa  of  the  obser- 
vations of  Sirius,  that  the  right  ascensions  of  this  star  could 
not  be  represented  within  the  limits  of  their  probable  errors 
by  means  of  a  uniform  proper  motion.  The  residuals  were 
distributed  in  a  periodical  form;  and  Bessel,  after  a  simple  and 
ingenious  transformation  of  the  equations  of  motion,  and  the 
assumption  of  a  value  for  the  annual  parallax  of  Sirius,  was  led 
to  infer  the  existence  of  a  dark  body  near  this  star  that  dis- 
turbed its  proper  motion.  This,  indeed,  seemed  to  be  the  only 
reasonable  hypothesis  left.  It  is  evident,  if  we  imagine  such  a 
system,  that  while  the  center  of  gravity  of  the  two  bodies  would 
move  in  a  right  line,  or  apparently  on  the  arc  of  a  great  circle, 
the  stars  themselves  would  be  subject  to  periodical  variations 
in  their  motions.  BesseFs  conclusion  was  criticised  by  W. 
Struve,  in  his  studies  on  stellar  astronomy,  page  68  of  the  notes, 
who  decided  that  Bessel  was  mistaken  ;  but  Struve's  criticism 
does  not  seem  to  be  well  founded,  and  in  1851,  Dr.  C.  A.  F. 
Peters  showed,  in  a  very  complete  investigation  of  this  question, 
that  the  observations  of  right  ascension  fully  confirm  BesseVs 
opinion.  Peters  also  computed  an  orbit  of  the  disturbing  body, 
and  found  the  time  of  its  revolution  to  be  fifty  years.  In  1861, 
Professor  T.  H.  Safford  found  that  the  observations  of  declina- 
tion indicate  a  similar  disturbing  force.  In  January,  1862, 
Mr.  Alvan  G.  Clark  discovered  a  companion  of  Sinus  very 
nearly  in  the  position  pointed  out  by  theory,  thus  confirming 
in  a  remarkable  manner  Bessel's  hypothesis. 

A  very  complete  discussion  of  the  observations  of  Sirius, 
both  in  right  ascension  and  declination,  and  also  of  the  micro- 
metrical  measurements  of  the  Clark  companion  during  the  first 
five  years  after  its  discovery,  was  published  by  rrofessor 
Auwerp  in  1868.  The  identity  of  this  companion  with  BesseFs 
disturbing  body,  is,  in  the  opinion  of  Auwers,  put  beyond 
doubt  by  his  investigation.  The  elements  of  the  disturbing 
body  found  by  him  are  nearly  the  same  as  those  found  before 
by  Peters,  and  the  accuracy  with  which  the  observations  are 
represented  by  the  elements  is  so  great  that  confidence  in  the 
identity  of  the  two  bodies  is  fully  justified.  The  weight  to 
which  this  result  is  entitled  is  very  great,  especially  since  the 
variable  proper  motion  of  Sirius  has  been  investigated  by  four 
able  astronomers.  Yet  there  are  some  things  which  seem  to 
me  to  throw  a  slight  degree  of  doubt  on  the  identity  of  the 
Clark  companion  with  Bessers  disturbing  body:  First,  the 
relatively  great  mass  of  the  companion,  which,  according  to 
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Auwenii  is  one-balf  the  masB  of  SirioSi  or  if  wo  WBUBi^Qyiitt^ 
pandUut  of  ^riaS|.  (K'^ISS,  sevon  Amm  the udMi  at  ett  au. 
Unlen,  thereforoi  we  aasnme  a  speoial  ooii8titatio&  for  iUboqiii- 
MnioD,  it  ought  to  shine  with  tiie  brillmiicy  of  a  etaff4d  ^ 
"first  magnitaM,  while  in  &ct  it  is  only  of  abomt  the  ntalh  mag* 
nitnde.  Bat  the  assumption  of  a  peculiar  oonstitation  of  tfie 
oompanion  is  purely  aroitraiy,  ana  is  not  in  itself  pbmsibla 
Some  observers^  indeed,  cUum  to  have  seen  a  disk  to  tiie  CSsik 
oompanion^  but  a  real  disk  visible  at  the  distenee  of  Sirite  would 
eprrespond  to  an  enormous  body,  nearly  flUing  tlpe  wbit  of 
ITenus :  and,  moreovw,  most  observers  have  laOm  to  aee  a  dJdc 
Again,  the  micrometrical  obswvations  now  extrad  ovef  e^ht- 
eeii  yauHB,  or  more  than  one-thinl  of  the  period^of  the  distutb- 
ing  body  as  determin<dd  by  Peters  and  Auwem  inm  die 
periodical  variations  in  the  right  ascensions  and  deolinatioiis  of 
Sinus,  and  these  observations  furnish  some  kiu>wledge  of  the 

Eobable  period  of  the  Olark  companion*  The  c^mnee 
tween  the  positions  predicted  bv  Auw^s  and  the  obrarred 
positiofis  is  not  indeed  veiy  great,  but  the  mi<mMnebribal*dbeer- 
vations  indicate,  I  think,  that  the  periodic  time  of  ^e  (%urk 
oompani<Ai  will  prove  to  be  decidedly  grater  than  what  the 
dkturbed  motk>n  of  Sirius  calls  for.  On  this  point  we  can  not 
yet  speak  with  confidence,  but  the  doubt  raised  by  the  micio- 
metrical  measurements  is  sufficient,  I  think,  to  justify  ssuifMn- 
sion  of  judgment,  and  to  incite  astronomers  to  make  carefol 
observations  of  this  interesting  object.  These  measurements 
were  begun  in  1862  by  Professor  Geo.  P.  Bond,  who  found  for 
that  epoch 
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My  own  observations  for  the  last  seven  years,  together  with 
the  residual  found  by  comparing  with  Auwers'  predicted  places, 
are  given  in  the  following  table : 


Date. 

P' 

8. 

C-0. 

Ap. 

As, 

1874.23 
1875.28 
1876.22 
1877.26 
1878.24 
1879.20 
1880.25 

58**05 
66*38 
55-22 
5338 
51-68 
50-13 
47-83 

11 '-11 

11-08 
1119 
10-96 
10-76 
10-57 
10-30 

+  7 ''•OS 
+  6-99 
+  6-47 
+  6-46 
+  6-24 
+  5-84 
+  5-81 

-0'-19 
—0-34 
-0-65 
—0-68 
—0-79 
—0-91 
-108 

It  is  not  worth  while  to  speculate  on  these  residuals,  since  we 
are  now  approaching  a  critical  time,  and  a  few  more  years  of 
careful  observation  will  go  far  towards  deciding  the  question 
of  identity. 

April  9,  1880. 
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Art.  LXL — Study  of  the  Emmet  County  Meteorite^  that  fell  near 
/iithervillej  Emmet  County,  Iowa,  May  10,  1879 ;  by  J.  Law- 
rence Smith,  Louisville,  Ky. 

The  fall  of  this  meteorite  is  in  all  its  attendant  circumstances 
one  of  the  most  remarkable  on  record.  I  therefore  visited  the 
region,  on  ray  return  to  America  some  months  after  its  fall, 
and  saw  the  two  large  manses  which  are  the  main  represen- 
tatives. Several  short  notices  have  already  appeared  on  the 
subject;  among  them,  one  each,  by  Professor  Shepard,  Profes- 
sor Peckham  and  Professor  Hinrichs ;  and  in  describing  the 
physical  and  chemical  characteristics  of  the  original  masses,  I 
shall  be  obliged  to  repeat  some  details  that  have  been  brought 
out 

Locality. — The  place  of  fall  is  near  Estherville,  Emmet 
County,  Iowa,  just  on  the  boundary  of  the  State  of  Minnesota, 
lat  48°  30',  Ion.  94°  50',  within 'that  region  of  the  United 
States  which  has  become  remarkable  for  falls  of  meteorites, 
and  of  which  I  gave  an  outline  map  in  my  article  on  '*  the 
three  meteorites  that  fell  at  Rochester  in  Indiana,  Cynthiana 
in  Kentucky,  and  Warrington  in  Missouri,  within  the  space  of 
one  month.'*^* 

The  Stfifte  of  Iowa  has  become  particularly  conspicuous  in 
recent  years  as  the  landing  place  of  these  celestial  messengers  ; 
and  I  now  have  under  examination  still  another  remarkable 
one  with  some  peculiar  physical  characters,  but  about  which  I 
have  not  yet  obtained  the  historic  details. 

The  phenomena  accompanying  the  fall  were  of  the  usual 
character,  but  on  a  grander  scale.  It  occurred  about  five 
o'clock  in  the  afternoon,  under  a  clear  sky,  with  the  sun 
shining  brightly.  In  some  places  the  meteorite  was  plainly 
visible  in  its  passage  through  the  air,  and  looked  like  a  ball 
of  fire  with  a  long  train  of  vapor  or  cloud  of  fire  behind  it; 
and  one  observer  saw  it  100  miles  from  where  it  fell.  Its  course 
was  from  northwest  to  southeast.  The  sounds  produced  in  its 
course  are  referred  to  as  being  **  terrible"  and  "indescribable," 
as  scaring  cattle  and  terrifying  the  people  over  an  area  many 
miles  in  diameter.  At  first  they  were  louder  than  that  of 
the  largest  artillery ;  these  were  followed  by  a  rumbling  noise, 
as  of  a  train  of  cars  crossing  a  bridge.  The  concussion  when 
it  struck  the  ground  was  sensible  to  many  persons,  and  it  is 
reported  that  the  soil  was  thrown  into  the  air  at  the  edge  of  a 
ravine  where  the  largest  of  the  masses  was  found.  Two 
individuals  were  within  two  or  three  hundred  yards  of  the 
spots  where  the  two  larger  masses  fell. 

♦This  Journal,  vol.  xiv,  1877. 
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There  were  distinctly  two  explosions.  The  first  took 
tX  a  considerable  height  in  the  atmosphere,  and  several  Wge 
■Iragmeiits  were  projected  to  dltferent  points  over  ao  area  (rf 
four  square  miles,  the  largest  mass  going  farthest  to  the  east. 
Another  explosion  occurred  just  before  reaching  the  grouTid, 
/»nd  this  accounts  for  the  small  fragments  found  near  the 
llftrgest  mass. 

'  Impacl  with  the  earth. — A  remarkable  fact  connected  with 
itbe  ^11,  besides  that  of  the  local  disturbance  of  the  eartb 
Alluded  to,  is  the  depth  to  which  the  mass  penetrated.  Had 
ithe  fall  taken  place  daring  the  night,  I  doubt  if  the  largest 
fragment  would  have  been  found.  It  struck  within  200  feetot 
a  dwelling  house,  at  a  spot  where  there  was  a  hole  (previoualy 
iinade)  sis  feet  deep  and  over  twelve  feet  in  diameter,  filled 
with  water,  and  having  a  bottom  of  stiff  clay.  This  clay  was 
.excavated  to  a  depth  of  eight  feet  before  the  naeteorite  was  dis- 
icovered,  and  two  or  three  days  elapsed  before  it  was  reacbe<i. 
,Its  total  depth  below  the  general  surface  of  the  ground  was 
ihence  fourteen  feet 

The  second  large  mass  was  found  embedded  in  blue  clay 
.about  6ve  feet  below  the  surface,  at  a  place  two  miles  distant 
irom  the  first  The  third  of  the  three  largest  masses  was  not 
discovered  until  the  23d  of  February,  1880,  more  than  nine 
(months  after  the  fall,  and  its  locality  was  four  mJIes  from  the 
first.  A  trapper  on  the  prairies,  who  had  witnessed  the  ori- 
ginal occurrence,  observed  a  liole  in  a  dried-up  slough ;  on 
sounding  it  with  hie  rat  spear,  he  detected  a  hara  body  at  the 
bottom,  and  on  digging  found  the  stone  at  a  depth  of  five  feet 
Some  small  fragments  were  doubtless  detached  when  the  large 
mass  approached  the  ground,  as  they  were  discovered  near  to 
it  The  fragments  thus  far  obtained  weighed  reapectivelj, 
437,  170,  &2i,  28,  lOJ,  4  and  2  pounds. 

Height  and  velocity. — A  railroad  engineer  who  observed  it 
before  the  report,  estimated  its  height  to  be  forty  miles,  but  at 
the  time  of  the  explosion  much  less ;  from  an  imperfect  oom- 
putation,  he  considered  its  velocity  to  be  from  two  to  four 
miles  per  second. 

External  characters.  —  The  masses  are  rough  and  knotted 
like  large  mulberry  calculi,  with  rounded  protuberances  pro- 
jecting from  the  surface  on  every  side;  the  black  coating  is 
not  uniform,  being  most  marked  between  the  projectiona 
These  projections  have  sometimes  a  bright  metallic  surface, 
showing  them  to  consist  of  nodules  of  iron ;  and  they  also  con- 
tain large  lumps  of  an  olive-green  mineral,  having  a  disunot 
and  easy  cleavage,  which  is  more  distinct  where  the  surface  has 
been  broken.  The  greater  portion  of  the  atony  material  is  of  ■ 
gray  color,  with  this  green  mineral  irregularly  disseminated 
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through  it  The  two  minerals  are  mixed  under  various  forms ; 
sometimes  the  green  mineral  is  in  small  rounded  particles 
intimately  mingled  with  the  gray,  at  other  times  it  is  in  small 
cavities  m  minute  crystalline  fragments,- without  any  distinct 
faces,  and  almost  colorless.  The  masses  are  quite  heavy  and 
vary  much  in  specific  gravity  in  their  diflferent  parts ;  but  the 
average  cannot  be  less  than  4'5.  When  broken,  one  is  imme- 
diately struck  with  the  large  nodules  of  metal  among  the  gray 
and  green  stony  substances,  some  of  which  will  weigh  100  grams 
or  more.  In  this  respect  this  meteorite  is  unique,  it  differing 
entirely  from  the  mixed  meteorites  of  Pallas,  Atacama,  etc.,  or 
the  known  meteoric  stones  rich  in  iron ;  for  in  none  of  these 
has  the  iron  this  nodular  character. 

Another  striking  feature  in  the  relation  of  the  iron  and 
stony  matter  is,  that  the  larger  nodules  of  iron  appear  to  have 
shrunk  away  from  the  matrix ;  an  elongated  fissure  of  from 
one  to  three  millimeters  sometimes  intervening,  separating  the 
matrix  and  nodules  to  the  extent  of  one-hali  the  circumfer- 
ence of  the  latter,  and  appearing  as  if  the  iron  had  contracted 
from  the  stony  matrix  during  the  process  of  cooling.  There 
are  numerous  small  cavities  of  various  sizes,  where  there  are 
not  any  iron  nodules,  and  where  the  minerals  appear  more 
crystalline,  indicating  an  irregular  shrinkage  during  the  con- 
solidation. 

The  minerals. — At  first  sight  I  expected  to  find  more  than 
two  earthy  minerala  The  microscope  gave,  as  with  most 
meteoric  stones,  unsatisfactory  results.  I  therefore  tried  to 
separate  the  stony  minerals  mechanically ;  the  only  mineral  that 
I  was  enabled  to  obtain  pure  in  sufficient  quantity,  has  an  olive 
^reen  color,  and  occurs  in  masses  of  from  one-half  to  one  inch 
m  size,  having  an  easy  cleavage,  especially  in  one  direction ; 
this  is  proved  to  be  olivine.  The  same  mineral  occurs  also  in 
minute  rounded  concretions  in  other  parts  of  the  meteorite ;  and 
minute,  almost  colorless  crystalline  particles  in  the  cavities  I 
take  to  be  olivine.  Nickeliferous  iron,  as  already  stated,  is  very 
abundant.  Troilite  exists  in  small  quantity.  Chromite  was  also 
found. 

That  the  stony  part  of  this  meteorite  consists  essentially  of 
bronzite  and  olivine  will  be  seen  from  the  chemical  investiga- 
tion, which  found  only  three  essential  constituents,  viz :  silica, 
ferrous  oxides  and  magnesia.  Another  silicate  will  be  refer- 
red to  beyond,  consisting  of  the  same  oxides,  but  in  different 
proportions  from  either  bronzite  or  olivine. 

Chemical  constitution. — The  stony  part,  pulverized  and  freed 

as  far  as  possible  from  metallic  iron  by  the  aid  of  the  magnet, 

when  treated  with  chlorhydric  acid  on  a  water  bath  for  several 

hours,  is  resolved  into  soluble  and  insoluble  parts,  the  propor- 
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aoDB  raxyiagnfetj  rnueh  with  diffbrmit  jEragm^ittti  and  imogiiiig 
from  16  to  ^  per  cent  for  the  soluble  part  This  aolable  put 
coiiflists  bf  silioai  ferrous  oxide  and  magnesia^  and  without  a 
trace  of  lime,  thus  indioi^iiig  the  absraoe  oi  anott^itei 

(1)  InaohMe  ^lian.«^The  insoluble  iXMrlioii  was  canfoDj 
analyased  by  fusion  with  carbonate  of  socbi  «id  found  to  con- 
tain: 


Silica 64-12  29-12 

Ferrousoxide 21-05  4-67 

Chromic  oxide trace 

Mwnesia ...24-60  9-80 

Soda  with  traces  of  potadi  and  Hthta.    -09  .  -028 

Alumina -OS  HIW 

99-29 

The  oxygen  ratio  clearly  indicates  the  mineral  to  be  Sifti 
being  virtually  9i(ttgfe),  or  the  common  form  ol  bransdle  con- 
tains in  meteoritea 

(2)  Soluble  portion, — On  testing  the  green  mineral  already 
referred  to  I  found  that  this  was  the  sdiuble  portioOi  and  it  was 
r^tdily  detected  in  a  pure  state  from  the  stony  part  of  tiie 
meteorite.  Its  cleavage  in  one  direction  is  very  j^erfeet;  its 
specific  gravity  8*86;  hardness  almost  7;  pulverised,  U  is 
readily  and  completelv  decomposed  by  nydrochloric  acid. 
Two  analyses  were  made,  one  by  decomposing  it  directly  with 
hydrochloric  acid  over  a  water  bath,  and  the  other  by  first 
fusing  it  with  carbonate  of  soda — the  two  analyses  agreeing 
perfectly. 

OzygOD  nJ6o. 

Silica 41-6o'  22-18 

Ferrous  oxide 14-21  3-12 

Magnesia 4464  17-86 

100-35 

The  above  analysis  gives  the  formula  Sift,,  or  that  of  olivine. 

(3)  Opalescent  silicate, — In  some  parts  of  this  meteorite,  a 
silicate  occurs,  that  is  opalescent,  of  a  light  greenish-yellow 
color,  and  cleaves  readily.  In  one  instance  I  observed  it  mak- 
ing a  notable  projection  on  the  surface.  Although  I  had  a 
number  of  fragments  of  the  meteorite  for  examination,  amount- 
ing to  ten  or  twelve  pounds,  I  did  not  obtain  enough  of  the 
mineral  to  establish  positively  its  true  character,  but  I  hope  to 
obtain  more.  An  analysis  was  made  with  about  100  milligrams 
of  the  pure  mineral  with  the  following  result : 
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Oxygen  ratio. 

Silica 49-60  26-12 

Ferrous  oxide 16-78  3-60 

Magnesia 33-01  13-21 


• 


98-39 


Equivalent  to  Sifts +Sia&,  one  atom  of  bronzite  plus  one  atom 
of  olivine,  a  form  of  silicate  that  we  might  expect  to  find  in 
meteorites. 

(4)  The  nickelifsrous  iron, — As  already  stated  this  iron  is 
abundant  in  the  meteorite,  and  sometimes  in  large  nodules  of  50 
to  100  grams ;  on  a  polished  surface  the  Widraanstattian  figures 
are  beautifully  developed  by  acid.  On  analysis  it  was  found 
to  contain : 

Iron .-  92-001 

Nickel 7-100 

Cobalt -690 

Copper minute  quantity. 

Phosphorus -112 

99-903 

(5)  Troilite. — The  proportion  of  troilite  is  not  large,  and  it 
could  be  detached  only  in  small  fragments. 

(6)  Chromite. — When  small  pulverulent  fragments  of  the  me- 
teorite are  heated  with  hydrochloric  acid  for  some  time  and 
the  residual  matter  washed  and  dried,  it  is  easy  to  find  particles 
of  the  stony  mineral  more  or  less  filled  with  minute  black 
shining  particles  which  are  chromite. 

The  constitution  of  this  meteorite,  so  far  as  I  have  been 
able  to  make  it  out,  is  therefore  as  follows : 

BronzUe,  abundant;  olivine,  abundant;  nickeliferous  iron^ 
abundant;  troilite,  in  moderate  quantity;  chromite,  in  minute 
quantity;  silicate,  not  yet  well  determined. 

It  will  be  thus  seen  that  in  its  composition  the  meteorite 
contains  nothing  that  is  peculiar.  I  should,  however,  give  it  a 
unique  position  among  meteorites,  on  account  of  the  phenom- 
ena accompanying  its  fall,  especially  the  great  depth  to  which 
it  penetrated  beneath  the  surface,  and  also  because  of  its  phys- 
ical characters  and  the  manner  of  association  of  its  mineral 
constituents.  I  examined  carefully  for  feldspar  and  schreiber- 
site ;  but  the  absence  of  both  lime  and  alumina  (except  as  a 
trace)  clearly  proved  the  absence  of  anorthite ;  and  the  small 
particles  of  the  mineral  that  might  have  been  taken  for  schrei- 
bersite  were  found  on  examinaflon  in  all  instances  to  be 
troilite. 
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Art.  LXTI. —  The  Onidalion  of  Hydrochloric  Acid  Solutions  of 
Antimony  in  Uie  Atiiwsphere ;  by  JosiAH  P.  CooCK.  (Con- 
tributioDs  from  the  Chemical  Laboratory  of  Harvard  College.) 

In  our  original  paper  on  the  Atomic  Weightof  Antimony — 
Proce«ding3  of  the  American  Academy  of  Arts  and  Sciences, 
vol.  xiii,  page  21 — we  made  the  following  incidental  observa- 
tion in  explanation  of  certain  precautions  which  we  found  to  be 
necessary  in  order  to  aecure  the  precipitation  of  pure  antimoai- 
ous  Bulp'hide : 

"The  precautions  here  described  may  seem  unnecessary  lo 
those  who  are  not  familiar  with  the  fact  that  a  solution  of  anti- 
mony in  hydrochloric  acid  oxidizes  with  very  great  rapidity  in 
the  air, — fully  as  rapidly  as  the  solution  of  a  ferrous  salt  A 
solution  reduced  aa  we  have  described,  which  has  at  first  no 
action  on  the  iodized  starch  paste,  will  strike  the  blue  color 
afler  it  has  been  exposed  to  the  air  for  only  a  few  minuter 
This  property  of  an  acid  solution  of  antimonious  chloride  is 
mentioned  by  Dexter,  in  the  paper  already  referred  to,  but  we 
were  wholly  surprisetj  by  the  energy  of  the  action.  By  means 
of  it,  antimony  can  be  dissolved  in  hydrochloric  acid  without 
the  aid  of  nitric  acid,  or  of  any  other  oxidizing  agent  save  the 
air,  if  only  a  certain  amount  of  antimonioas  chloride  has  ouce 
been  formerl.  When,  after  exposure  to  the  air,  the  solution  is 
boiled  over  pulverized  antimony,  the  solution  is  reduced,  and  a 
further  portion  of  the  metal  enters  into  solution.  After  a  sec- 
cod  ex|K)3ure,  the  same  process  can  be  repeated,  and  so  on 
indefinitely.  The  process  is  very  slow  and  tedious,  but,  in  one 
experiment,  we  succeeded  in  bringing  into  solution  in  this  way 
several  grams  of  antimony." 

On  the  sole  basis  of  this  language  we  have  been  represented 
as  asserting  that  such  antimony  solutions  oxidize  in  the  air  as 
rapidly  as  a  solution  ol  ferrous  chloride,  and  experiments  on 
comparatively  dilute  solutions  of  antimonious  oxide  in  hydro- 
chloric acid  have  been  adduced  as  proofs  that  our  observation 
was  incorrect. 

As  is  evident  from  the  context,  the  statement  jast  qaoted, 
although  the  result  of  a  very  extended  experience,  was  oot 
based  on  quantitative  measurements.  What  we  noticed  was 
that  the  solutions  were  very  quickly  acted  on  by  the  oxygen  of 
the  atmosphere,  and  we  freely  admit  that  the  expression  here 
italicized  is  a  more  accurate  description  of  our  obeervatioo, 
than  the  words  originally  g&ed  as  quoted  abova  But  oar 
meaning  was  not  left  in  doubt,  for  we  expressly  say  immedi- 
ately after,  that  the  process  is  very  slow  and  tedious.  In 
regard  to  the  phenomenon  in  question,  the  effects  are  so  obvi- 
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ous  when  once  attention  is  called  to  them,  that  it  is  entirely 
xmnecespary  to  confirm  our  previous  observations  except  so  far 
as  to  add  the  following  quantitative  determinations,  which  will 
serve  to  give  an  accurate  idea  of  the  extent  of  the  action  under 
the  only  conditions  we  have  investigated,  or  in  regard  to  which 
we  have  written. 

In  order  to  determine  the  amount  of  oxidation  caused  by 
the  action  of  the  atmosphere  on  a  solution  of  antimony  in 
hydrochloric  acid,  we  reduced  the  oxidized  solution  by  boil- 
ing the  liquid  over  antimony  bullets,  and  determined  the  loss 
in  their  weight     This  method  is  fully  described  in  our  original 

gaper,  and  is  based  not  only  on  the  reducing  power  of  the  metal, 
ut  also  on  the  fact  repeatedly  observed,  that  after  the  reduc- 
tion was  complete,  the  smallest  excess  of  the  finely  pulverized 
metal  would  not  dissolve  even  after  prolonged  boiling,  and  in 
the  presence  of  a  large  excess  of  acid,  if  only  the  solution  was 
protected  from  oxidation. 

We  b^an  our  experiments  by  dissolving  1*0036  grams  of 
pure  antimony  (a  portion  of  the  same  used  in  our  experiments 
on  the  synthesis  of  antimonious  sulphide)  in  about  30  cubic 
centimeters  of  pure  hydrochloric  acia  (sp.  gr,  =  i-175)  adding  3 
cubic  centimeters  of  very  dilute  nitric  acid  (containing  only 
about  54  per  cent  of  HNO,).  After  the  solution  was  completed 
we  added  bullets  made  of  pure  antimony  (the  same  that  had 
been  used  in  our  previous  experiments),  and  boiled  the  solu- 
tion in  an  atmosphere  of  carbonic  dioxide,  using  the  same 
apparatus  which  we  described  in  our  previous  paper  (loc.  cit.) 
After  the  reduction  was  ended,  the  solution  was  transfer- 
red to  a  flat-bottomed  flask  through  a  platinum  tunnel,  on 
which  the  bullets  were  retained,  and  after  washing  into  the 
flask  the  last  traces  of  the  solution  with  as  small  an  amount  of 
hydrochloric  acid  as  possible,  the  tunnel  was  removed,  the  bul- 
lets washed  with  water,  and  again  weighed  as  at  first  on  the 
platinum  tunnel.  In  reducing  the  original  solution  0*4100 
of  a  gram  of  antimony  were  dissolved  from  the  bullets. 
The  solution  now  containing  1*4136  grams  of  antimony 
was  next  exposed  to  the  air  for  different  successive  periods 
of  time  in  a  room  having  a  varying  temperature  of  from 
16°  to  30**,  sometimes  in  the  shade,  and  at  other  times  on  a 
window  seat  where  the  sun's  direct  rays  fell  on  the  flask  dur- 
ing  several  hours  of  each  clear  day. 

We  give  in  the  following  table  the  weight  of  antimony  dis- 
solved from  the  bullets  after  each  successive  exposure  to  the 
air ;  the  amounts  in  each  case  being  determined  with  all  the 
precautions  described  above*  and  still  more  at  length  in  our 
former  paper: 
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Weight  of  Sb  originally  dissolved 1  '4136 

1.  Dissolved  from  balls  after  3  days'  exposure,  .0*0 150 

2.  do.  after  5  days' 0-0295 

3.  do.    "    10      "       May  17  to  May  27,... 0-0600 

4.  do.     "   23      "       May  27  to  June  19,  ...0-1340 

5.  do.    "37      "       June  19  to  July  26,  ...0-2960 

6.  do.     "120      "       July  26  to  Dec.  24,  ...0-4481     0-9826 

During  these  experiments  the  volume  of  the  solution  was 
gradually  increased  by  the  hydrochloric  acid  used  in  washing 
as  above  described,  so  that  at  last  the  volume  amounted  to  100 
cubic  centimeters. 

It  will  be  noticed  that  the  amount  of  oxidation  increased 
with  the  time  of  exposure,  and  that  so  long  as  the  amount  was 
small  it  was  as  nearly  proportional  to  the  time  as  could  be 
expected  under  the  varying  conditions.  The  increased  activ- 
ity shown  by  determination  No.  5  appeared  to  be  due  to  the 
intensely  warm  weather  and  bright  sunshine  during  the  period, 
and  the  last  determination  would  seem  to  indicate  that  after 
the  oxidation  reached  a  certain  limit  the  process  went  on  more 
slowly  as  we  should  naturally  expect,  but,  with  the  greatly 
varying  conditions  during  this  long  period,  no  certain  conclu- 
sion can  be  drawn  in  regard  to  the  effect  of  any  single  causa 

The  action  we  are  discussing  is  entirely  in  harmony  with  the 
chemical  relations  of  antimony.  The  most  striking  character- 
istic of  this  elementary  sul>stance  is  its  tendency  to  form  com- 
pounds  of  the  radical  antimonvl.  SbO.  The  oxichlorides,  the 
oxibroraides  and  the  oxi-iodides  whose  relations  we  have  dis- 
cussed so  fully  in  our  previous  papers,  are  examples  in  point, 
and  we  have  been  continually  surprised  by  the  appearance  of 
such  compounds  in  reactions  in  the  most  unexpected  ways. 
In  this  respect  antiniony  closely  resembles  vanadium,  and  with 
this  element  antimony  is  more  closely  allied  than  with  its  famil- 
iar  associate,  arsenic.  What  the  precise  reaction  is  in  the  pres- 
ent case,  we  are  not  prepared  to  state.  That  it  is  not  the  simple 
conversion  of  a  terchloride  into  a  pentachloride  we  are  cod- 
vinceil,  and  investigations  are  in  progress  which  we  hope  will 
further  elucidate  the  subject 

In  this  connection  we  may  appropriately  add  that  while  the 
above  determinations  were  in  progress  we  repeated  the  experi- 
ment desoril>e^l  on  [vige  19  ot  our  previous  paper  (loc.  cit). 
We  treateii  in  an  open  flask  5  grams  of  finely -powdered  pure 
metallic  antimony  with  50  cubic  centimeters  of  strong  aod 
puiv  hvdrvx^lilorio  aoiiK  to  which  we  added  only  one  cubic  cen- 
tiuioter  of  the  very  dilute  nitric  acid  (54  per  cent)  described 
aKno.  The  flask  was  place*!  in  a  warm  protected  place  (30° 
0.)  iuul  shaken  from  lime  to  time.     Soon  the  acid  became  col- 
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ored  reddish -yellow  and  the  chemical  action  began.  When  it 
had  apparently  ceased,  the  contents  of  the  flask  were  shaken 
together,  and  the  solution  became  at  once  as  colorless  as  water. 
But  on  standing  in  the  air  the  color  rapidly  returned,  spread- 
ing from  the  surface  of  the  liquid  downward.  These  phenom- 
ena were  repeated  again  and  again  during  four  or  five  months, 
until  the  whole  of  the  metal  dissolved.  According  to  the  reac- 
tion usually  assumed  to  take  place  under  these  circumstances, 
5  grams  of  metal  would  have  required  50  cubic  centimeters  of 
acid,  so  that  the  effect  was  obtained  with  only  one-fiftieth  of 
the  amount  required  by  this  theory. 


Art.  LXm. — Note  on  a  Relation  between  the  Colors  and  Magni- 
ivdes  of  the  Components  of  Binary  Stars ;  by  Edward  S. 

HOLDBN. 

Much  has  been  written  on  the  colors  of  stars,  but  I  do  not 
know  that  a  relation  has  been  found  between  the  magnitudes 
and  the  colors  of  binary  stars  such  as  is  shown  by  the  following 
tables. 

In  1877  I  noticed  that,  in  a  general  way,  the  difference  of 
the  magnitudes  of  the  two  components  A  and  B  of  a  double 
star  was  less,  the  nearer  A  and  B  were  of  the  same  color  to  the 
eye.  If  this  was  not  the  result  of  chance  but  the  consequence 
of  some  physical  law,  the  relation  should  come  out  with 
greater  distinctness  when  the  stars  chosen  were  certainly  binary 
and  not  merely  doubla  In  this  way,  what  would  be  lost  by 
the  exclusion  of  many  pairs  probably  associated  physically, 
would  be  more  than  compensated  by  the  exclusion  of  all  cases 
of  njere  accidental  association — optically  double  stars?.  I  there- 
fore requested  my  friend,  Mr.  S.  W.  Burnham,  to  give  me  a 
list  of  all  the  stars  which  were  certainly  binary,  which  he  has 
kindly  drawn  lip.     See  Tables  I  and  IL 

Table  I  contains  122  stars  certainly  binary  and  with  com- 

i)onent  stars  of  like  color.     The  magnitudes  and  colors  are 
rom  the  best  authorities.     The  mean  difference  of  magnitudes 
(B-A)  is  0»-58. 

Table  II  contains  forty  stars  certainly  binary,  the  compo- 
nents being  of  different  colors :  the  mean  difference  of  magni- 
tudes (B-A)  is  2°»-44. 

These  tables  show  then  that  considering  every  known  case  of 
binary  stars  of  known  color :  I.  Tlie  components  of  the  122  binary 
stars  of  the  same  color  difftr  in  magnitude  on  the  average  only  0™'5. 

IL  The  components  of  the  40  binary  stars  of  different  colors 
differ  in  magnitude  on  the  average  2"*4.  What  the  physical 
explanation  of  this  curious  relation  may  be,  we  have  not  now 
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enougli  knowledge  to  say.  The  following  extracts  seem,  bo< 
ever,  to  be  worth  recording  in  this  connection  : 

"  Since  spectrum-analyais  shows  that  certain  of  the  laws  of 
terrestrial  phyaira  prevail  in  the  sun  and  stars,  there  can  be 
little  doubt  that  the  immediate  Bource  of  solar  and  stellar  light 
must  be  solid  or  liquid  matter  maintaiBed  in  an  iotenseh 
incandescent  state,  the  result  of  an  exceedingly  high  tempera- 
ture  The  light  from  incandescent  solid  or  liquid  bodies 

affords  an  unbroken  spectrum  containing  rays  of  light  of  everi 
degree  of  refrangibility  within  the  portion  ol"  tlie  spectrum 
which  is  visible.  As  this  condition  of  the  light  is  connected 
with  the  state  of  solidity  or  liquidity  and  not  with  the  diemieai 
nature  of  the  body,  it  is  highly  probable  that  the  light  when 
first  emitted  irom  the  photosphere  ....  would  be  in  all  cases 
identical.  The  source  of  the  differences  of  color,  therefore,  is 
to  be  sought  in  the  difference  of  the  constituents  of  the  invest- 
ing atmospheres."* 

This  conclusion,  that  the  characteristic  colors  of  stars  are 
always  due  to  the  absorptive  action  of  their  atmospheres,  is  to 
be  compared  with  the  two  following  facts.  First,  the  color  of 
a  solid  body  cooling  and  not  surrounded  with  an  absorptive 
atmosphere,  would,  as  it  cooled,  pass  through  the  shades  vihiie, 
yellow,  orange,  red,  but  not  through  gretn,  blue,  or  puTplt. 
Second,  we  do  not  find  isolated  stars  of  decided  green,  blue  or 
purple  colors.  A  few  such  have  been  recorded,  but  in  mcst 
cases  erroneouslj'.  f  In  general  such  stare  are  small,  and  as  far 
as  I  know  invariably  associated  with  larger  stars.  That  is,  the 
isolated  stars  appear  always  of  the  colors  which  would  arise  in 
the  cooling  of  solid  or  liquid  masses  and  never  as  if  necessarily 
surrounded  with  absorptive  atmospheres — i.  e.  never  decided 
violet  or  purple. 

In  a  binary  star  where  A  is  brighter  than  B,  Table  II  shows 
that  the  colors  are  usually  different,  and  Struve  has  pointed 
out  that  in  the  vast  majority  of  such  cases  the  component  B  is 
blue  or  purple.  Arago  has  suggested  that  the  condition  of  tbe 
small  star  is  an  index  of  what  the  larger  star  will  in  process  of 
time  become,  in  the  order  of  evolution.  But  any  progress  of 
evolution  which  obtains  in  binary  stars,  should,  one  wonM 
think,  obtain  also  in  isolated  stars.  We  have  just  seen  th&t 
there  are  no  isolated  purple  stars.  Whence  it  would  appear 
that  the  conditions  are  strangely  different  in  the  two  cases. 
The  forgoing  simply  shows  the  incomplete  nature  of  the 
data  in  tna  case  before  us.  The  statements  in  italics  seem  to 
me  of  interest  and  importance;  and  they  are  borne  ont  by  the 
following  tables. 

*  Hug^DS  and  Miller,  on  the  Spectra  of  some  of  tbe  Sied  Btara :  Phil.  Tnnt. 
1864,  p.  429. 
I  Fot  example,  Admiral  Smjth  calls  a  Lyne  a  "  gceea  "  star. 
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TABLE  I  (b7  S.  W.  BnumAv). 
binary  £ltar>  (aith  compenenb  ttfiame  color). 


Double 

StM. 

NBine. 

A, 

B. 

B-A, 

Color. 

Au- 
thor- 

Remnrka. 

mag. 

mBg. 

mug. 

ity. 

OSISI 

7-3 

"77 

"o^ 

BUDcbes 

De 

2118T 

7-1 

0 

0-8 

Albse 

X 

21196 

CCancri 

60 

5 

7 

0-7 

FUvre 

2 

Z121S 

7-fi 

3 

0-7 

AlbiB 

2 

23in 

7-6 

8 

Allmsubaavffi 

2 

21338 

7  0 

7 

a 

0-2 

Albfe 

2 

2)348 

LTDCia  157 

7-B 

7 

6 

01 

Alba; 

2 

2135U 

HjdTBJ  116 

6-2 

7 

0 

0-8 

FlBTffi 

2 

02208 

<j  LeoDis 

60 

0-6 

[No  colora  in  (it: 
[So  colors.] 

A.  aark 

pUraBMaj. 

0-2 

2U23 

8  Seitantia 

fl-6 

3 

0'7 

SubflflVffi 

21467 

7-4 

4 

10 

Atbafl 

2 

02224 

1-3 

0 

EL""""-'"^! 

21476 

7'2 

0 

0-8 

2 

21600 

7-6 

8 

2 

0'6 

Subflavs 

2 

21517 

7-3 

7 

3 

00 

SubflaTOx 

2 

02S34 

7  0 

[No  TOlora  in  02.] 

21643 

8-4 

0-3 

AlblB 

£ 

21647 

Virglnialfll 

7-5 

8 

0-3 

Albffi 

2 

11670 

j'VinpnlB 

3-0 

3 

0 

0-0 

SubflATS 

2 

21729 

i2  Comes 

60 

0 

FlavK 

2 

02261 

6-3 

( 

04 

Blanches 

D« 

2: 

21734 

7-2 

7-9 

0-7 

Albffi 

2 

B  called  bliiB   bj- 
Secehi. 

24 

2  266 

7-5 

8-fl 

06 

BlBQClieB 

be 

26 

21767 

7-8 

8 

9 

11 

AlbK 

2 

36 

21781 

7-8 

2 

2 

21 

21786 

7-2 

0-3 

Albte 

2 

SS 

21788 

fl-7 

9 

1-2 

Aibsc 

2 

39 

21808 

8-0 

3 

0 

1-0 

Albre 

X 

30 

02298 

7-5 

7 

B 

BlOTches 

Db 

31 

21820 

a'2 

0-3 

SubfldvjB 

z 

33 

21863 

1 

4 

0-3 

AlbHSLtbflBTS 

2 

33 

21866 

^BootiB 

3-5 

3 

04 

Albce 

X 

34 

21876 

8 

6 

0'5 

RubflBVffi 

I 

3fi 

21883 

7  0 

aubdayio 

X 

36 

02288 

7 

a 

09 

Blanches 

De 

31 

23091 

1-7 

J 

7 

00 

FlaT» 

X 

3S 

2 1834 

86 

8 

a 

Albie 

2 

39 

21932 

Corona:  1 

6-6 

6 

1 

0-5 

Eg.  albiB 

2 

40 

•  21937 

6-2 

5 

7 

0-5 

PlBV«> 

2 

41 

21938 

p'BootiB 

6-7 

7 

3 

0'6 

2 

41 

2      3. 

C«phei  316 

6 

Flflya. 

2 

43 

2     13 

Cephei  318 

X  (^BMiopBe 

e-6 

0-S 

Subfl.™ 

2 

44 

02  11 

6-0 

1 

01 

Blsnchoa 

De 

1  Albasiibfl.:  alba- 
}      si>bcacr,  02. 

4S 

02  20 

66  PiaciHcn 

6-a 

7 

2 

1-0 

BiBDCheB 

De 

46 

2     73 

36Aadrom. 

9-2 

6 

06 

S 

47 

2   113 

4SCeti 

6-2 

7 

1-0 

Albi 

2 

4S 

H2036 

Ceai87 

7-0 

7 

2 

0-2 

Blanches 

De 

49 

2  186 

02  38 

)  Androm. 

l'^ 

7 

2 

0-0 

\V2] 

Albie 

2 

2 

See  note  •  below. 
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lABLB  L-Conliiiusd. 

Au- 

Double 

N«,e        *■ 

B. 

B-A. 

Color. 

thor- 

Itemaite. 

Star. 

""**■     Imag. 

msg. 

mag. 

itjr. 

~ 

S  12» 

Andro  2Sg 

6-7 

7-e 

0-9 

Albs 

£ 

6i 

2  334 

1-8 

8-1 

09 

AllHV 

63 

S  J57 

13 

Tl 

0-6 

2 

U 

S  30G 

13 

8-2 

0-9 

FllTM 

GB 

S  333 

(  ArietiB 

5-J 

0-3 

.yiM! 

£ 

SS 

I  361 

80 

80 

0-0 

AlbsuhBsvB 

£ 

Si 

OX  r>3 

P  III.  1 

63 

67 

0-6 

BlfLDobea 

De 

OX,  Alb«. 

1-  413 

TTauri 

6-S 

k7 

Sitbasra 

£ 

B!> 

£  611 

B-0 

0-6 

Albw 

1 

60 

I  572 

AurLgai* 

6-6 

6-B 

0-0 

SubflAne 

£ 

£  677 

7-7 

7-1 

0-0 

Alba> 

£ 

6S 

I  S89 

8-0 

0-0 

AlbBubflBTS 

£ 

63 

£  619 

8-7 

0-0 

Albv 

£ 

M 

OS  98 

14  OriooiH 

6-8 

1-B  {BkncbcB 

D« 

6B 

I  678 

76 

10 

Alb» 

£ 

_       6« 

Z  671 

7'7 

SO 

0-3 

Kg.  alb= 

Z 

K      f! 

2  728 

aaOrioaia 

62 

6-1 

IB 

SubflflTM 

£ 

■     6S 

£  719 

7-a 

0-1 

E(!.pJb« 

1 

■     69 

1  910 

PTI.  lOB 

8-3 

9-0 

0-1 

SubflavfB 

Z 

W     ID 

E  932 

8-3 

8-3 

0-1 

Albte 

£ 

71 

£  948 

IBLyndt 

B-2 

6-1 

0-9 

Albvir 

X 

la 

OS166 

G-6 

0-1 

Da 

13 

£1031 

71 

00 

^bflsne 

£ 

14 

osno 

T-1 

1-3 

0-J 

BlandiCB  ? 

De 

F1.W.0X. 

£1014 

7-a 

e-2 

0-4 

White 

£ 

tl 

SI08I 

T-8 

8'B 

0-7 

Bg.  altw 

I 

£1093 

8-2 

8-3 

0-0 

Albffi 

X 

Tl 

£1104 

8-3 

1-e 

Alb» 

£ 

19 

£11 IJ) 

ObbIot 

2-1 

31 

1-0 

Subvir 

£ 

SO 

£1116 

1-6 

0-3 

SubBuvn 

■  E 

£1944 

7-6 

8-1 

0-6 

Albe 

Si 

OS396 

7-U 

8-6 

1-G 

[No colore  in  De] 

*)£ 

S3 

ozaas 

1-0 

1-4 

Blanc-beg 

De 

Si 

£1989 

TT'Uni.Miti 

1-1 

8-1 

Eg.  alba- 

I 

86 

£1998 

f  Scorpii 

5-2 

0-3 

AlbsubSavfo 

£ 

86 

£2021 

49  Serpen. 

6-1 

6-9 

0-a 

Albs. 

£ 

St 

£31126 

9-1 

0-6 

FUra 

E 

88 

£2106 

6-1 

B-4 

1-7 

AlbtB 

£ 

es 

£2118 

20  Dtaconis 

6-9 

0-6 

Albffi 

X 

90 

£3114 

6-3 

1-4 

12 

Albte 

£ 

91 

£2130 

P  Draconia 

6-0 

6-1 

01 

Albre 

£ 

93 

£3173 

Ophiu.  221 

61 

Kg.  flav.  aeu  Aurea 

£ 

93 

£3199 

7-2 

1-9 

0-6 

£ 

94 

0£333 

6-B 

7-7 

1-3 

.iMllieB 

De 

9G 

£2263 

r  Ophiuohi 

60 

6-7 

0-1 

SBbll*™ 

X 

96 

£2267 

8-0 

0-0 

Albfe 

£ 

91 

£3381 

73  Opliiuch 

6-7 

7-3 

1-6 

Albte 

X 

98 

£3316 

Hemil.  462 

70 

80 

10 

AlbiB 

£ 

9» 

£3384 

8-0 

B-S 

0-6 

Fl»v« 

£ 

100 

£3383 

('LyrtD 

4'9 

6-3 

0-3 

Ec.albn 

£ 

101 

£2433 

1-6 

1-7 

0-1 

Albfc 

£ 

10:2 

£3438 

10 

7-6 

0-6 

Albs 

£ 

103 

£3609 

7-0 

B-1 

aubflara 

2 

104 

£2636 

Oviroi32 

T4 

0-2 

Subflavn 

lOB 

£2686  1  ■  ' 

7-3 

7-8 

0-6 

Alb» 

E  1 
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TABLE  L— Gonduded. 


Double 

Star. 

Idfi 

^  151 

101 

2^729 

\m 

S2T37 

MK 

SaT44 

110 

£STBS 

£2789 

I28Q4 

12817 

22909 

22912 

£29:8 

£3006 

02196 

laoie 

23060 

2  306  6 

l'J3 

S3063 

3  Delphini 

61  Cygni 
S  Bquulei 
Pegasi  30 

Pegaai  29 


Flflvw 

SuhBRTte 

Aibffi 

FIbt.  Beu  Aurea 

SubflaTib 

Albai 

SiibSane 

Alhasubvir 

Albn 

ADhe 

Albic 

BlanchM 

AlhasubQave 

iSutiflaTie 

ISuhflayip 


No.  &D  omitted. 


*  £  called  the  large  atar,  single  to  him,  green.     Gertainl;  btnaiy.     Kone  of  the 
obaerrers  note  anj  difference  in  color. 

t  Biiiariee,  game  color:   2  (B-A)  -  M-3 ;  mean  (B-A)  =  0-63. 

TABLE   II  (by  S.  W.  Bubhham). 
Binary  Stan  (with  eomponenia  of^ertnt  rali»-). 


Doable 

Star. 

Name. 

A. 

U, 

B-A. 

Color  A. 

Color  B. 

thor- 

mag. 

mug. 

mi^. 

ity. 

I 

i     60 

7  CasBiop. 

To" 

7-6 

6G 

Flava 

Purpuran 

2 

3 

£  20H 

10  Arietis 

6-3 

fl-4 

2-2 

Flavs 

Ciuerea 

2  263 

,  Casfljop. 

12 

71 

2-9 

Flava 

CflirulBii 

2 

■i 

£  296 

84Ceti 

6-0 

9'2 

3-2  Pla»a 

Dinerea 

E 

5 

£  423 

p  m.  9B 

fi'O 

8-2 

2-3  lAurea 

Cmnaea 

X 

6 

2  460 

Cephci  49 

62 

0-0  iPlBVfl 

Suboorulea 

z 

7 

2  535 

Tauri230 

C'T 

a-3 

1-5  ;3ub(la.a 

s 

8 

S  BBS 

2  Camelop, 

h-\ 

7-4 

33  FlHVtt 

Subca-rrJea 

£ 

9 

^     86 

/JLeporis 

3-5 

lO-O 

G'5  Light  gold 

LiRht  blue 

De 

2  742 

Tauri380 

7 -a 

OS  Subftara 

Albs 

£ 

11 

S  963 

14  LjnoiB 

6'9 

7-1 

1-3  Aurea 

Purpurea 

£ 

la 

02169 

IBLjmciH 

4'7 

73 

2-Jl  Jauno  Clair 

Azur  Cendri 

De 

13 

E  983 

38  Gemlno 

5-4 

77 

3  3lSiibflava 

SubcasrulBB 

14 

£1066 

i  Gemino 

3-2 

B-2 

6-11  Subflava 

Subpurpiu^a 

£ 

IB 

21373 

(Hjdne 

3-8 

7-8 

4-0  jFlava 

Cffiniles 

E 

16 

£1366 

uLeoniH 

1-0 

[0-8]FlBvo 

Cert.  flBTB 

n 

21374 

Leo.  Win.  30 

7-0 

8'3 

l-3|SubflaTB 

Eq.  oitrulea 

S 

18 

02215 

PX.  33 

6-6 

7-3 

TO-8] 

Blanche 

Blanc  cendri 

De 

19 

£1424 

yLeoDis 

2-0 

3-6 

15 

Auroa 

Rubrorir. 

2 

SO 

£]G36 

iLeonu 

.19 

M 

Subflava 

CtErulea 

E 

31 

£1639 

ComaiGB 

6-1 

7-9 

1-2 

Alba 

£ 

n 

21768 

ISfan-Ven. 

7-6 

I-o 

Alba 

CHMTilea 

2 

33 

£1877 

t  BooBs 

3-0 

e-.i 

5-3 

Eq.  casnilea 

2 

34 

2ERS8 

f  Bootis 

4 '7 

^ 

Fla»a 

Rubropnrpiirea 

S 

472      R  P.  Whi^ld—Lingula  in  the  Trenton  LimettoneB. 
TABLE  H— CondDded. 


AT 

Double 

Star. 

Name. 

A. 

"■ 

B-A. 

Color  A. 

Color  B. 

ft» 

maij. 

mag. 

ro»e. 

**• 

as 

21361 

y  CoroiuB 

40 

¥ 

S'OAlljnaiibvir. 

Purpurea 

I 

36 

22032 

crCoroDffi  ■ 

S-0 

11  iSubflavft 

SubweniJea 

I 

31 

£2066 

X  Ophiuchi 

4-0 

6-1 

2-1  iFlavB 

2 

3« 

E3084 

C  HerniliB 

30 

3-B 

SuhflaTS 

SiJbmbra 

Z 

39 

12107 

Herciil.  16T 

6-5 

8'0 

IB 

SubflaTS 

SubcKTulea 

X 

S22T2 

700phinelii 

41 

61 

3-0 

Flava 

Purpurea 

1 

31 

222BB 

HPrcul.  417 

6-0 

I'l 

FlBTa 

Sul^ffirulea 

I 

32 

i:33B2 

F'Lyiffi 

4-6 

1-7 

AlbasuWir. 

AltiaaKbdcrulea 

I 

33 

2251!> 

JCyBni 

3'0 

7'9 

Subyiridia 

OiDPrea 

34 

£2603 

e  DrHConifl 

4-0 

FlavB 

Carulea 

I 

3B 

0S413 

J-Cygni 

B-6 

31 

BlaDChe 

Cendri  Clair 

&> 

36 

Lt  ClirL 

7-OygDi 

4-9 

2'B 

Light  jellow 

Light  blue 

Di 

37 

38 

S3822 
22934 

^Gjm 

40 

e-2 

60 
9-3 

10 
I'O 

Alba 
Albasiibflava 

Atbafubc^nilea 

Alba 

I 

39 

oiMas 

63  Pegasi 

60 

8-0 

a'O 

Blanche 

Ceiidri 

D. 

02480 

T  Cepliei 

1-6 

3-1 

Jaime  Clair 

Jliiratre 

C. 

41 

23001 

D  Cephei 

1-8 

2'6 

Bq.  Hav« 

Eq.  CKrulea 

43 

OI501 

B,A.C. H217 

6-3 

7-7 

l-i 

Blant^he 

Cendri  Olivatre 

ft 

Art,  LXrV. —  On  the  occurrence  of  true  Lingula  in   the  Trenton 
Liinentnnes  ;  by  R.   P.  WeiTPIELD. 

It  lias  been  supposed  bj'  many  that  the  Brachiopodou? 
genus,  Linifulo,  as  represented  by  Lingula  analina  Lamarck,  a 
living  species,  was  not  represented  among  the  fossil  Lingultd^ 
of  the  older  Paleozoic  rock  formations,  if  anywhere  in  rocts 
of  Paleozoic  Jige ;  and  there  has  been  a  growing  tendency  to 
class  all  the  Linguloid  shells  of  these  formations  under  other 
generic  names.  There  is  no  question  but  that  many  of  the 
forms  represented  in  the  Paleozoic  rocks  are  really  genericallv 
distinct  fi-om  the  living  types  ;  but  I  think  we  have  proof  in  a 
species  from  the  Trenton  limestones  of  Wisconsin  and  Minne- 
sota, that  the  true  Lingulie  were  represented  by  at  least  one  spe- 
cies at  that  period.  Several  years  ago  I  received  from  Dr. 
Aaron  Elder,  formerly  of  New  York  city,  who  had  been  spend- 
ing a  summer  near  Rochester,  Minn.,  some  internal  casts  of  ao 
iindescribed  Lingula.  On  examining  them  and  finding  the 
markings  of  the  muscular  sears  and  vascular  lines  very  strong. 
I  urged  Dr.  Elder  to  obtain  more  of  the  casts,  at  his  next  visit 
to  that  place,  calling  his  attention  particularly  to  these  mark- 
ings. During  the  following  autumn  I  reeeiveii  other  specimeos, 
from  some  of  which  the  accompanying  figures  and  description 
of  parts  are  taken.     The  species  I  propose  to  name  Lingula 
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Elderi,  after  the  discoverer,  and  a  fall  description  will  be  given, 
with  figures,  in  the  forthcoming  Paleontological  Report  of  the 
Geological  Survey  of  Wisconsin. 

The  casts  represent  a  species  of  moderate  size,  the  average 
being  about  sevea-eightliH  of  an  inch  in  length ;  the  general 
outline  is  somewhat  quadrate,  the  lateral  margins  being  sub- 
parallel  and  a  little  convex,  the  upper  end  very  obtusely  angu- 
lar or  pointed,  and  the  base  rounded  ;  the  valves  are  convex, 
but  the  dorsal  the  most  strongly  so.  The  shell,  when  preserved, 
is  smooth  with  very  fine  concentric  lines,  hut  presenting  a  pol- 
ished appearance.  The  peculiar  features  are  found  in  the  pres- 
ervation of  the  imprints  left  by  the  muscular  and  vascular 
scars  on  the  shell,  as  copied  on  these  internal  casts,  thus  afford- 
ing means  of  comparison  with  the  corresponding  organs  of  the 
living  forms  of  the  genus.  These  markings  correspond  more 
nearly  to  those  of  X.  anatina  Lam.  than  do  those  of  any  other 


Silurian  or  Devonian  species  which  I  have  ever  examined,  and 
although  they  do  not  exactly  correspond  still  are  as  similar  as 
one  could  expect  in  widely  separated  species.  The  variations 
consist  in  the  position  of  the  various  muscular  scars,  and  also 
somewhat  in  the  lines  of  the  pallial  sinuses  and  in  the  ramifica- 
tions of  their  branches.  Nearly  all  the  muscular  areas  have  been 
identified  on  several  individuals,  and  the  anterior  portion  of 
the  pallial  sinuses  with  their  interior  ramifications,  and  the 
outer  ones  to  a  slight  distance  from  the  main  trunks  on  most 
of  them ;  while  the  ramifications  of  the  posterior  prolongations 
have  been  detected  on  two  of  the  dorsal  valves.  I  have  not 
been  able  to  trace  all  the  elements  of  the  muscular  system,  nor 
to  detect  the  divisions  between  those  forming  the  larger  scars; 
Borne  of  which,  in  the  recent  forms,  are  seen  to  be  composed  of 
three  or  four  elements ;  but  where  they  are  impressed  so  lightly 
on  the  shell  and  yet  leave  the  trace  of  their  advance  over  its 
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surfoce  by  tlio  growth  of  the  animal  to  interfere  with  their  dis- 
tinctness, this  would  scarcely  be  looked  for  in  a  fossil  species. 
Oil  the  cast  of  tlie  dorsal  valve  (fig.  1)  the  imprese;ions  of  the 
pallial  sinuses  {ps)  are  deeply  marked  and  are  widely  sepa- 
mt«d,  leaving  the  area  within  them  very  considerable :  tbe 
central  or  inner  ramifications  (1)  are  very  distinct,  and  the 
outer  ones  also  for  a  short  distance  from  the  main  branches; 
while  the  posterior  branches  (2)  show  the  lateral  ramiflcations 
only  on  the  outer  side.  The  divaricator  muscular  scar  of  the 
dorsal  valve  {d)  is  very  lai^  and  curve<l  forward  at  the  sides, 
being  situated  well  back  near  the  apex  of  the  valve.  I|.  ha« 
not  been  satisfactorily  observed  on  the  ventral  aide,  as  even- 
specimen  yet  obtained  has  been  more  or  less  imperfect  at  thi8 

Soint,  but  it  should  be  situated  directly  opposite  that  of  the 
orsal.  The  anterior  adductor  scare  (era)  are  small  and  situa- 
ted near  the  center  of  the  valve,  while  the  posterior  addiictor> 
(pa)  are  large  and  situated  outside  of,  and  posterior  to  theut; 
so  &&  to  inclose  their  posterior  ends.  The  .scars  of  the  adjoslor 
muscles  are  distant  from  each  other,  and  placed  just  within  the 
posterior  third  of  the  length  of  the  shell.  Two  eletnenla  can 
be  detected  in  each  scar  on  some  individuals,  but  they  «« 
usually  obscure. 

In  the  ventral  valve  (fig,  2)  the  lines  of  the  pallial  sinuses  are 
nearer  together  on  the  anterior  half  of  the  cast  than  on  the 
other  valve,  which  feature  is  remarkably  similar  to  these  lines 
as  shown  in  L.  anatina,  but  spread  out  rapidly  toward  the  mid- 
dle and  on  the  postenor  half  occupy  nearly  the  same  relative 
position  as  on  the  dorsal  side.  Near  the  center  of  the  valve 
are  seen  a  pair  of  large  scars  which  have  progressed  from  be- 
hind, their  track  forming  a  strong  feature  on  the  cast,  as  it  origi- 
nates just  in  front  of  the  divaricator  muscle  scar  (r2)  and  gradu- 
ally widens  as  it  advances  until  it  occupies  fully  one-half  the 
width  of  the  cast  near  the  middle  of  its  length.  In  the  central 
line  of  this  track  there  is  an  elevated  ridge  which  terminates  in 
a  slightly  prolonged  tongue  and  seems  to  represent  the  centra! 
adjustors  \ca)  and  their  track  of  advance.  The  large  scars 
outside  of  these  are  probably  the  posterior  adductors  and  ex- 
ternal adjustors  combined  (pa),  each  scar  being  formed  of  two 
elements.  Posterior  to  these  and  distant  from  the  median  line 
are  other  scars  which  are  long  and  narrow,  their  length  being 
parallel  to  the  margin  of  the  valva  These  also  have  left  their 
track  of  advance,  having  started  from  a  point  just  in  advance 
of  the  anterior  margin  of  the  divaricator  muscle.  Two  ele- 
ments are  recognized  on  each  side  and  represent  the  posterior 
adjustors  and  probably  the  anterior  adductors  combined  (p  a 
and  a  a.)  Between  the  lines  formed  by  the  advance  of  the 
adjuster  nauscles  and  those  occupying  the  central  area,  oo  eacb 
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valve  are  narrow,  smooth,  impressed  spaces  which  unite  with 
the  lines  of  the  pallial  sinuses  at  the  junction  of  the  anterior  and 
posterior  branches,  and  extend  to  the  position  of  the  divari- 
cator  muscle  scar.  They  are  seen  on  all  the  specimens  but  I 
have  not  been  able  to  identify  them  with  any  organs,  and  it  is 
probable  they  are  only  the  spaces  of  unoccupied  shell  between 
the  scars  of  the  adjacent  muscles  and  their  tracks  of  advance, 
as  they  are  within  the  area  of  the  muscles  and  consequently 
within  the  perivisceral  chamber.  The  area  of  attachment  of 
the  posterior  muscular  walls  of  the  perivisceral  chamber  have 
not  Dcen  detected,  unless  they  have  occupied  a  portion  of  the 
area  assigned  to  the  posterior  branches  of  the  pallial  sinuses  as 
seen  on  the  dorsal  valve.  In  which  case  there  could  have  been 
only  external  ramifications  from  this  portion  of  those  organs, 
instead  of  both  external  and  internal,  as  in  L.  anatina. 

In  making  these  comparisons  and  in  identifying  the  several 
muscles  and  other  organs  as  represented  on  the  casts,  I  have 
made  use  of  the  very  excellent  memoir  "  On  the  organization 
of  the  Brachiopoda,"  bv  Albany  Hancock,  Esq.,  published  in 
the  Trans.  Phil  Soc.  of  England  in  1858,  a  comparison  with 
which  cannot  fail  to  convince  any  one  of  their  intimate  generic 
relations  with  L,  anatina. 


Art.  LXV.  —  Notes  of  Experiments  upon  Mr,  Edison's  Dyna- 
mometer^ Dynamo-machine  and  Lamp  ;  by  Professors  C.  F. 
Brackett  and  C.  A.  Young,  of  Princeton,  N.  J. 

During  the  experiments  of  Professors  Eowland  and  Barker, 
the  results  of  which  appeared  in  the  April  number  of  this 
Journal,  one  of  us  (Professor  Brackett)  happened  to  be  present ; 
and  he  was  requested  by  Mr.  Edison  to  make  an  independent 
study  of  the  subject  under  investigation. 

Accordingly,  we  visited  Menlo  Park  on  March  19th  and 
again  on  April  8d.  On  our  first  visit,  we  confined  ourselves 
mainly  to  a  study  of  the  resistance,  luminosity  and  efficiency 
of  the  lamp,  making  only  a  single  test  of  the  efficiency  of  the 
machine.  On  the  second  visit,  we  gave  our  attention  to  the 
dynamometer  and  the  machine. 

It  is  obvious  that  the  work  attempted  in  the  time  at  our  dis- 
posal was  considerable;  and,  in  consequence,  no  extreme 
accuracy  is  claimed  for  our  results — though  we  believe  them 
to  be  substantially  correct — that  is  to  say,  within  one  or  two 
per  cent. 

We  first  made  a  comparison  of  Mr.  Edison's  dynamometer 
with  the  well  known  Prony,  the  latter  being  driven  through 
the  former  precisely  as  the  dynamo-machine  was,  during  the 
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trials  made  to  determine  its  efficiency.  We  found  that  tbe 
Prony  roistered  932  per  cent  of  the  power  transmitted  br  the 
Edison.  Tbis  result  we  consider  quite  reliable,  the  68  loss  feeing 
reaswiably  accounted  for  by  friction  of  counter-shaft  Journals 
and  the  aiip  of  the  belt  intervening  between  the  instruments. 

To  determine  the  efficiency  of  the  dynamo- machine,  we  made 
three  difl'erent  testa.  In  all  of  them  the  power  expended  in 
driving  the  revolving  armature  was  measured  direclly  by  tbe 
Edison  dynamometer.  The  small  additional  amount  spent  Iq 
maintaining  the  field  of  force  was  calculated  from  the  measur^l 
resistance  of  the  magnet  coils  (1'47  ohma)  and  the  difterenceof 
electric  potential  between  the  terminals  of  tbe  coils,  measured 
by  a  high  resistance  galvanometer  (Thomson).  It  was  assnmed 
in  this  calculation  that  the  machine  which  furnishes  this  carrest 
was  of  about  the  same  efficiency  as  the  one  experimented  on,  it 
being  of  similar  construction.  The  formula  is 
V 
1-26  X  4-*25  ft.  Hw.  X  —  X  (, 

where  ( is  the  duration  of  tbe  experiment  in  minutes.  V  is  tbe 
difiFerence  of  potential  in  volts ;  r  is  the  resistance  or  the  coil 
1'47  ohms.  44'25  ia  tbe  number  of  foot  lbs.  of  work  done  in 
one  minute  by  an  electromotive  force  of  one  volt  driving  a 
current  thi'ough  one  ohm ;  and  finally  1'25  is  a  factor  embody- 
ing the  assumption  that  the  efficiency  of  the  mni"hine.  produc- 
ing the  magnetizing  current,  is  80  per  cciit.  Tiir  ;iinounI  of 
this  expenditure  ia  trifling,  not  exceeding  three  per  cent  of  the 
work  used  in  driving  the  armature  but  its  neglect  might  lead 
to  miaapprehensioru 

On  March  19th  the  current  produced  was  measured  by  the 
electrolytic  method.  We  employed  copper  electrodes  present- 
ing opposed  surfaces  of  about  one  square  foot  each,  and  placed 
about  one  inch  apart  in  a  solution  of  cupric  sulphate.  We  also 
measured  the  resistance  of  the  circuit  by  the  bridge  method 
both  at  the  beginning  and  end  of  the  experiment  so  as  to  take 
account  of  heating.  For  a  check,  we  also  measured  the  differ- 
ence of  potential  between  the  terminals  of  the  machine. 

On  April  3d  we  had  recourse  to  the  calorimeter,  employing 
a  resistance  coil  immersed  in  about  175  lbs.  of  water,  the  resist- 
ance of  the  coil  being  such  that  the  work  done  elsewhere  in  tbe 
circuit  could  be  calculated  and  allowed  for  as  a  small  fraction 
of  that  directly  measured.  The  difference  of  potential  between 
the  terminals  was  also  measured  for  a  check,  as  on  March  19th. 
The  resistance  of  the  armature  was  0'14  of  an  ohm ;  that  of  the 
rest  of  the  circuit  was  made  to  vary  in  the  diGferent  experi- 
ments, from  1-9  to  3-2  ohms. 

We  shall  use  the  expression  available  energy  to  denote  the 
energy  developed  in  that  part  of  the  circuit  which  is  out^de  <d 
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the  machina  The  total  energy  of  course  includes  that  which 
is  uselessly  spent  in  heating  the  coils  of  the  armature  itself,  a 
very  small  portion  in  this  form  of  machine.  Oar  results  are  as 
follows. 

On  March  19th  the  experiment  lasted  five  minutes.  We 
found : 

Energy  expended  in  driving  armature 971,500  ft.  Ihs. 

Energy  expended  on  field  of  force 16,400     " 

Total 987,900    " 

The  current  calculated  from  the  amount  of  copper  deposited 
was  34 '336  webers :  the  mean  resistance  of  the  circuit  was  8*12 
ohms,  or,  excludinff  the  armature,  2*98  ohma  The  electromo- 
tive force,  indicated  by  the  galvanometer,  was  102*36  volts. 

From  these  data  we  calculate : 

Total  energy  realized  in  the  current 814,400  ft.  lbs. 

Available  energy  (excluding  armature)  ..  777,200     " 

Hence  the  total  eflSciency  is  82*3  per  cent,  and  the  available 
efficiency  787  per  cent 

On  April  Sra  the  first  test  lasted  13"  50',  and  we  found — 

Energy  expended  in  driving  armature  . .  2,844,600  ft.  lbs. 
Energy  expended  on  field 1 9,634     " 

Total 1..   2,864,234     " 

The  total  weight  of  calorimeter  and  its  contents  was  197*5  lbs. 
Making  the  proper  reduction  for  weight,  metals,  thermometer, 
etc.,  we  find  the  neat  capacity  of  the  whole  to  be  172*77  water  lbs. 

The  rise  in  temperature,  measured  by  a  thermometer,  easily 
read  to  t^i^  of  a  degree,  was  16*7°  F. ;  and  the  precaution  was 
taken  to  terminate  the  experiment  when  the  temperature  had 
risen  as  much  above  that  of  the  air  (71*2°)  as  it  was  below  at 
the  beginning,  thus  obviating  the  necessity  of  a  radiation  cor- 
rection. 

The  resistance  of  the  coil  in  the  calorimeter  was  1*72  ohms ; 
that  of  the  leading  wires  was  only  about  0*006,  or  -j^  of  the 
preceding.  Hence  assuming  772  ft  lbs.  as  the  mechanical 
equivalent  of  heat  we  have — 

Energy  developed  in  calorimeter 2,227,500  ft.  Ibs: 

Energy  developed  in  leading  wires 7,425     " 

Energy  developed  in  armature 1 83,670     " 

That  is  to  say  : 

Total  energy  realized 2,418,600 

Available  energy  realized 2,234,925 

which  makes  the  total  efficiency  84*6  per  cent  and  the  avail 
able  efficiency  78*2  per  cent. 

Am.  Joub.  8€I.^Thibd  Ssbiss,  Vol.  XIX,  No.  114— Junk,  1880. 

33 


478  SracJiftt  ami  Yourtg-^Edisotis  Dynamtnncler,  1 

During  tlie  experiment  the  electromotive  foroe  of  the  cuircot 
by  which  the  6eld  magnets  were  maintained  was  only  fi-K 
volts,  consequently  the  machine  was  not  giving  neariy  its  max- 
inmm  ourrent — the  energy  expended  being  about  6*25  horse- 
jwwer  and  the  current  about  46  webers. 

During  the  next  test,  which' continued  nine  minutes,  the  elec- 
tromotive force  of  the  field  coils  waa  maintained  at  14'9  volta, 
and  the  current  produced  was  675  webers — consuming  9'6 
horse  power. 

The  calorimeter  was  refilled  with  fresh  water;  and  proceed- 
ing as  before  we  found — 

Energy  measured  by  dynamometer 2,827,550  ft.  Ibe, 

Energy  expended  on  field 72,180      " 

Total 2,899,780      " 

Energy  realized  in  calorimeter 2,269,700  ft.  IbtL 

Eiiurgy  realized  in  leading  wires 7,632       " 

Energy  realized  in  armature 1 63,930       " 

Total 2,451,162       " 

Avwlable 2,267,238       " 

Total  efficiency 84 -5  per  cent. 

Available  efficiency 78-2       " 

Thcwf  rcpult?  wore  confirmed  by  the  reading  of  the  high  re- 
sistance galvanometer. 
Tabulating  our  results  they  stand  thus : 

Total  elDdeucy.  Avsikble  efflciencf. 

iBt  82-3  per  et.  78-7  per  ct, 

2d  84-6       "  78-2       " 

3d  84-6       «  78-2  ■    « 

Mean  B3-8       "  78-4       " 

If  we  assume  that  the  indications  of  the  Prony  dynamometer 
are  reliable  and  that  the  loss  in  transmitting  power  between  the 
Edison  dynamometer  and  the  arbor  of  the  armature  was  only 
the  same  as  the  loss  between  the  two  dynamometers,  the  above 
numbers  will  have  to  be  increased  in  the  ratio  of  100  to  9S'2, 
and  we  shall  have — 

Total  efficiency , 89*9  per  cent 

Available  efficiency 84-1       " 

These  figures  we  believe  fairly  represent  the  performance  of 
the  machine  in  its  present  condition. 

As  points  of  excellence  in  the  construction  of  this  machine, 
we  may  mention  the  employment  of  large  masses  of  iron  for 
the  field  magnets ;  the  breaking  up  of  the  armature  core  into 
thin  plates,  thus  avoiding  the  expenditure  of  much  'UBeless 
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work ;  and  finally,  the  almost  entire  absence  of  sparks  at  the 
commutator  brushes,  even  when  the  machine  is  doing  its  maxi- 
mum of  duty. 

Test  of  the  Lamp. 

The  photometric  tests  were  made  by  the  well  known  method 
of  Bunsen.  The  lamp,  which  was  furnished  us,  was  No.  853, 
one  of  the  old  pattern  with  carbon  of  charred  paper,  which  had 
been  used  by  Professors  Rowland  and  Barker. 

An  arrangement  was  adopted  by  which  the  current  employed, 
the  diflference  of  potential  of  the  lamp  wires  and  the  resistance 
of  the  lamp  could  be  measured,  continuously,  during  the  pho- 
tometric observations.  The  current  was  measured  by  the  de- 
position of  copper  in  an  electrolytic  cell  The  resistance  was 
found  by  making  the  lamp  one  arm  of  a  Wheatstone's  bridge, 
suitably  proportioned.  The  difference  of  potential  was  meas- 
ured by  a  Thomson's  high  resistance  galvanometer  connected 
with  the  lamp  terminals. 

During  the  first  test,  which  lasted  twenty  minutes,  the  mean 
photometric  intensity  "  broad-side  on  "  was  13*8  candles.  Cal- 
culation shows  the  mean  illumination  to  be  about  73  per  cent 
of  the  maximum,  hence,  the  mean  illumination  was  about  lO'l 
candles. 

The  resistance  of  the  lamp,  while  shining,  was  found  to  be 
99'6  ohms;  and  the  difference  of  potentials  at  its  terminals  was 
74*33  volts,  (producing  a  current  of  0*75  weber) ;  hence  the 
lamp  was  consuming  0*076  of  a  horse  power.  Or,  adopting  our 
previous  result  for  the  available  efficiency  of  the  dynamo- 
machine,  we  find  that  one  horse-power  measured  at  the  Edison 
dynamometer  would  maintain  a  number  of  lamps  represented  by 

78'4 
the  fonnula  ^j:^^^^^^^-^  =  10-5,  nearly. 

During  the  second  test,  which  lasted  thirty  minutes,  the  mean 
candle  power  of  the  lamp  was  10*7  candles,  calculated  as  be- 
fore. 

The  resistance  was 99*7  ohms. 

The  difference  of  potential 76*6  volts. 

The  current 0*76  weber. 

Accordingly  the  lamp  was  consuming  0*077  of  a  horse-power 
— or  one  horse-power  applied  as  before,  would  maintain  10*2 
lamps  at  this  candle  power. 

Taking  the  mean  of  these  results  we  find  that  one  horse- 
power applied  at  the  dy^namometer  would  produce  in  a  lamp  of 
this  pattern  and  dimensions  a  light  of  107  candles ;  or  about 
187  candles  if  we  estimate  the  enei^y  actually  developed  in 
the  lamp  in  terms  of  horse-power. 

Mr.  Edison  kindly  put  everything  we  required  at  our  dis- 
posal, and  himself,  as  well  as  Mr.  Upton  and  his  other  asakv 
ants,  aided  us  in  every  possible  way. 
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Akt.  LXn— On  SubMaiua  jatmeuit^  At  ^tetr  ^  AWlhfiij 
the  Latent  PhUographie  Image;  by  M.  Oakbt  £aUj<nBi- 
delphia. 

About  tlireeyean  nnoe,  I  comniamcated  to  tbis  Journal  xht 
resnltsof  alongserieBOf  Btadieson  de?elopmeaL  At  the  time 
when  these  were  andtHtaken  there  were  but  four  substano^s 
known  to  posMn  the  power  of  development :  ferrous  sulphate, 

Ettic  aoio,  and  pyrocalbl,  whicb  bad  been  long  knowu  to 
TO  Ak  fuppertf,  aDcf  luamatosyline,  which  I  had  someyeare 
before  added  to  the  ntiinber. 

The  atodieB  made  thrte  years  ago  prove  that  the  power  of 
dereloproent,  so  far  fmn  beiu^  possessed  by  this  soiall  number 
of  tobatancea  only,  extends  to  a  large  number  of  chemicAl 
oompoanda,  and  is  exhibited  hy  manj  cuprous  salts,  bf 
aeveral  vegetable  actda,  glnODBides,  etc.  But  the  most  curious 
result  obtained  was  witli  ferrous  salts.  It  was  known  that 
fbrroas  salphate,  though  a  powerful  developer  in  the  so-called 
"wet  derefopment,"  i;  e.,  aevelopment  in  presence  of  a  solable 
tnlver  salt,  had  no  pomr  whatever  for  those  developmeats  in 
wbicb  no  solable  mlver  aalt  waa  present,  and  where  the  develop- 
meoX  was  to  be  made  at  the  expense  of  the  6]Tn  itself.  I  wa? 
able  to  show  that  ferrooB  oxiae  combined  witfa  abaotk  latj 
oi^nic  acid,  possesaed  this  power  of  fonning  a  visible  image 
at  the  expense  of  the  filna.  So  that  a  solution  of  ferrooB  sul- 
phate by  mixing  with  one  of  an  alkaline  oxalate,  succinate, 
salicylate,  etc.,  immediately  acquires  the  power  of  development. 
Ferrous  oxalate  exhibits  the  power  of  development  to  a  degree 
BO  remarkable  that  it  Heems  likely  to  displace  the  older  method.i 

The  study  of  the  subject  was  resumed  during  the  past  winter, 
and  with  the  result  of  ascertaining  that  this  power  of  develop- 
ing was  not  limited  to  the  organic  salts  of  ferrous  oxide,  hut 
was  possessed  by  many  of  its  inorganic  compounds.  It  cer- 
tainly has  never  been  suspected  that  such  compounds  aa  ferrous 
phosphate,  ferrous  borate,  ferrous  sulphite,  ferrous  htfpophosphile, 
etc.,  possessed  the  power  of  development,  but  this  they  un- 
doubtedly do,  and  not  in  any  uncertain  way.  On  thecontrar}', 
some  of  these  compounds  are  among  the  moat  powerful  of  all 
known  developing  agents,  equalling,  or  possibly  even  exceed- 
ing, ferrous  oxalate  in  this  respect,  so  toat  it  is  far  from  im- 
possible that  some  of  them  may  pass  into  technical  use  in 
preference  to  those  now  employed. 

Some  of  these  ferrous  salts,  especially  the  phosphate,  sul- 
phite and  borate,  are,  like  the  oxalate,  insoluble  in  water,  and 
therefore  need  to  be  got  into  solution.  As  theee  salts  are  not, 
like  the  oxalate,  soluble  in  the  corresponding  alkaline  salt,  at 
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least  not  to  any  useful  extent,  it  becomes  necessary  to  find  an 
appropriate  solvent  The  most  available  solvents  are  solu- 
tions of  ammoniam  and  potassium  oxalate,  and  of  ammonium 
and  sodium  tartrate.  Of  these,  the  first  have  the  material 
advantage  that  the  ferrous  salts  remain  permanently  in  solution, 
whereas  with  ammonium  and  sodium  tartrate  they  are  apt 
gradually  to  be  precipitated. 

As  ferrous  oxalate  is  a  powerful  developer,  the  question 
immediately  presented  itself  whether  the  developing  power 
exhibited,  for  instance  by  ferrous  phosphate  dissolved  in  am- 
monium oxalate  might  not  be  due  to  the  formation  of  ferrous 
oxalate.  But  several  reactions  contradict  this  supposition. 
When  a  hot  solution  of  ammonium  (neutral)  oxalate  is  fully 
saturated  with  ferrous  phosphate,  a  precipitate  separates  in 
cooline,  and  this  precipitate  is  not  ferrous  oxalate  but  ferrous 
pbospnate.  Agam,  ferrous  phosphate  exhibits  powerful  de- 
veloping properties  when  dissolved  in  sodic  or  ammonic  tar- 
trate. This  reaction  is,  however,  not  in  itself  decisive,  inasmuch 
as  I  find  that  ferrous  tartrate  has  itself  developing  properties. 
But  as  ferrous  phosphate  is  to  some  extent  soluble  in  a  solu- 
tion of  ferrous  sulphate,  and  as  ferrous  sulphate  (in  the  form 
of  development  here  under  consideration,  namely:  in  the 
absence  of  soluble  silver  salt)  is  wholly  without  develop- 
ing power,  an  opportunity  offered  itself  of  testing  the  question. 
And  it  proved  that  a  solution  obtained  by  adding  one  of 
disodic  pnosphate  to  one  of  ferrous  sulphate  until  a  permanent 
precipitate  began  to  form,  undoubtedly  possessed  aeveloping 
powers,  though  in  a  less  degree. 

The  number  of  ferrous  salts  capable  of  developing  the  latent 
image  is  very  considerable.  Singular  anomalies  are  often 
shown  ;  a  given  salt  prepared  in  one  way  may  develop,  while 
prepared  in  another  it  may  have  no  such  power.  Nor  is  it 
possible  to  form  an  opinion  beforehand  as  to  whether  a  given 
compound  of  ferrous  oxide  will  exhibit  this  power  or  not; 
compounds  nearly  allied  do  not  exhibit  analogies  in  this 
respect  For  example:  ferrous  phosphate  and  ferrous  meta- 
phosphate  are  active  developers,  while  ferrous  pyrophosphate 
nas  no  similar  power. 

Among  other  ferrous  salts  possessing  more  or  less  develop- 
ing power,  may  be  mentioned  ferrous  hyposulphite  (hydrosul- 
phate),  ammonio-chloride,  acetate,  an timonio- tartrate,  etc  Fer- 
rous formiate,  which  might  naturally  be  expected  to  be  a 
powerful  developer,  is  almost,  though  not  entirely,  destitute  of 
the  property.  The  most  active  agents  found  were  ferrous 
borate,  phosphate,  sulphite  and  oxalate,  respectively  dissolved, 
the  phosphate  in  neutral  ammonium  oxalate,  the  others  in 
neutral  pK>ta8sium  oxalate. 

May,  1880. 
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•A*  tMun  of  ethyl  iodide  on  silver  sulphite.  The  corresponding 
Mkniwn  componndH,  trented  in  this  way,  a1^ordt^d  coinuletely  ideo- 
tk»I  flthers  both  having  the  constitution  SeO  ]  Q/<'r.%  and  both 
•AbKHng  BeleoouH  aeid  on  decomposition  with  water.  Selenoiu 
Mid  tbefa  in  a  true  dibydroxyl  acid  SeO  ]  ^^,  and  difierent  from 
-iolpiliaxouti  acid.— Ber.  Serl.  Chem.  Gew.,  xiii,  656,  April,  1880. 

f).  F.  B. 

4.  A*  the  Occurrence  i>f  Vanillin  in  Raw  Sect  Suytir. — Ca- 
ttni  ewnpleB  of  crude  sngar  prepared  £rom  the  beet  root,  and 
•qiedaUv  those  made  by  the  maceration  process,  have  been 
oblOEVM  to  possess  a  strong  vanilla  odor.  Scueiblkii  has  exam- 
ta«d  nab  sugars  and  finds  that  they  contain  a  substaiice  n)ip»r- 
mHiif  identical  with  vanillin.  To  obtain  it  the  sugar  was  extracted 
with  sther  in  a  percolator,  the  ether  being  repeatedly  distilled 
•tiuosf^  the  inaas.  The  ether  extract,  about  3-8  grams,  was  redis- 
'•oItw  iti  ether,  and  the  solution  was  allowed  to  evaporate  spoata- 
BoOMly  in  a  tall  beaker.  After  some  days,  large,  beanttfal  and 
-■Skriy  pure  crystals  fonned  at  the  bottom,  while  cauliflower-like 
•Soroaocnoea  formed  on  the  side  of  the  vessel.  After  recrystalli- 
ntioB,  t}ie  crystals  gave  a  stiong  vanilla  odor,  fused  at  70°  (nn- 
oorseoted),  t^ubtimed  to  an  oily  liquid  which  solidified  ia  radia- 
ting needles  and  behaved  precisely  like  a  sample  of  vanilliu  from 
BHRnenn  and  Ileimer'e  laboratory.  The  quantity  was  too  sniiU 
fat  aa  dementary  aualyaia. 

VoK  Ln-PMANx,  simultaneonsly  but  independently,  has  also  iso- 
lated vanillin  from  raw  beet  sugar.  Two  nli^rams  of  the  sugar 
were  dissolved  in  the  minimum  of  water,  the  solntion  exactly  neu- 
tralized with  hydrochloric  acid,  and  agitated  with  pure  ether. 
After  standing  the  ether  was  withdrawn  by  a  separating  funnel 
By  170  of  these  extractions  a  sufficient  qnantityof  material  was 
obtained  to  examine.  The  residue  was  dissolved  in  as  little  ether 
as  possible,  and  agitated  with  concentrated  hydro-sodium  sulphite 
solution.  The  solution  thus  obtained  was  treated  with  dilute  sul- 
phuric acid,  the  sulphurous  oxide  driven  odT  by  heat  and  the 
cooled  liquid  again  extracted  with  ether.  Oily  drops  were  left  on 
evaporation,  but  soon  solidified.  After  purification,  the  sab- 
stance  was  obtained  as  small  pure  white  star-shaped  groaps  of 
needles,  possessing  the  odor  and  taste  of  vanilla.  It  was  easiW 
soluble  in  ether,  alcohol,  chloroform,  and  petroleum  naphtha,  diffi- 
cultly in  bensene  and  hot  water,  fused  at  80°,  and  by  carefiil  heat- 
ing sublimed  undecom^osed.  Its  solution  reacted  acid,  reddened 
litmus,  decomposed  carbonates  and  reduced  anunonical  silver  solu- 
tions on  wanning.  Elementary  analysis  gave  C  63*28  and  H  5*56, 
the  formula  C.^O,  requiring  63*16  C  and  5*26  H.  Its  identity 
with  vanillin  is  therefore  eBtablished. — B«r.  Berl.  Chem.  Get,, 
xiii,  335,  662,  March,  April,  1 880.  g.  f.  b. 

fi.  On  the  Convergion  of  Syoxeyamine  into  Atropine. — It  is  a 
well-known  fact  that  hyoscyamine  splits  up  into  hyoaoinic  actft 
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and  hyoscine  on  boiling  with  hydrochloric  acid ;  and  also  that 
atropine,  thus  treated,  breaks  np  into  tropic  acid  and  tropine. 
Some  time  ago,  Ladknburg  called  attention  to  the  very  close 
similarity  between  hyoscinic  and  tropic  acids.  He  now  shows 
that  there  is  the  same  relation  between  hyoscine  and  tropine, 
these  two  bodies  being  identical.  Their  platinnm  chlorides  have 
the  same  crystalline  form,  the  free  bases  have  the  same  boiling 
point,  229^,  the  same  fusing  point  62°,  and  they  afford  the  same 
numbers  on  analysis.  The  curious  fact  now  appeared  that  two 
isomeric  alkaloids  gave  identical  decomposition  products.  To 
test  the  matter  synthetically  three  expenments  were  made :  (1) 
Tropine  from  atropine  and  hyoscinic  acid  from  daturine  were 
treated  with  hydrochloric  acid  on  the  water  bath  ;  (*^)  Hyoscine 
from  hyoscyamine  and  tropic  acid  from  atropine  were  thus 
treated ;  and  (3)  Hyoscine  from  hyoscyamine  and  hyoscinic  acid 
from  hyoscyamine,  were  also  treated  in  the  same  way.  The  resi- 
due, after  neutralization  and  extraction  with  alcohol,  was  dissolved 
in  hydrochloric  acid,  and  precipitated  with  gold  chloride.  In 
each  case  atropine-gold  chloride  was  the  product;  thus  proving 
the  identity  of  their  decomposition  products  and  establishing  the 
conversion  of  hyoscyamine  into  atropine. — Ber,  Berl,  Qhem,  Ges.y 
xiii,  607,  April,  1880.  G.  p.  r 

6.  On  the  Product  of  the  Oxidation  of  Albumin  by  Perman- 
ganate, — The  question  whether  by  the  direct  oxidation  of  albumin, 
urea  is  produced,  has  been  an  open  one.  Lossbn  has  now  repeated 
with  care  the  experiments  of  n^champ  and  others,  500  grams  of 
purified  egg-albumin  being  diffused  in  400  c.c.  of  water  containing 
30  grams  potassium  hydrate,  the  equivalent  quantity  of  magne- 
sium sulphate  being  added,  and  then  375  grams  K,Mn,0,  and  294 
grams  of  the  sulphate  put  in  gradually.  From  the  liquid  a  crys- 
talline substance  was  obtained  which  at  first  was  supposed  to  be 
urea,  but  which  proved  to  be  gaanidine.  No  urea  whatever  could 
be  detected. — Liebig^s  Annalen,  cci,  369,  Feb.,  1880.       g.  f.  b. 

7.  On  MaxwelPs  Theory  of  Light — The  author,  J.  G.  Thom- 
son, reviews  the  results  which  are  contained  in  Prof.  Maxwell's 
treatise  on  Electricity  and  Magnetism,  and  adds  a  discussion  of  his 
own  upon  the  interpretation  of  the  equations  given  by  Maxwell 
when  tney  are  modified  to  embrace  the  new  condition  of  a  motion 
of  the  medium  through  which  the  light  passes.  Suppose  that  the 
dielectric  moves  with  a  velocity  u  in  the  direction  of  the  propaga- 
tion of  the  light.     Let  V  be  the  velocity  of  propagation  of  light 

o        u 

in  the  dielectric  when  it  is  at  rest :  the  author  finds  —  = h  V 

p        z 

approximately.     In  which  —  is  the  velocity  of  propagation  of  light 

in  the  medium.  The  conclusion  is,  therefore,  drawn  that  the 
velocity  of  the  light  is  increased  by  one-half  the  velocity  of  the 
dielectric. — Phil.  Jl/a^.,  April,  1880,  p.  284.  j.  t. 

8.  Suggestions  in  regard  to  Crystallization, — Mr.  S.  Tolver 
Pbsston  discusses  crystallization  under  the  following  assumptions: 
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1.  MoleiMiW  art!  clastic.  2.  MnleculeH  [>osHefls  nii  open  stnictnre. 
3.  The  ether  is  a  gas  whone  atomH  are  ho  small  that  their  meu 
length  of  path  is  greater  than  any  plaoetary  distance.  TV 
motion  of  these  atoms  produces  the  phenomena  of  gravitation  on 
Le  Sage's  principle. 

Various  c.-yntalline  forms  are  regarded  a»  due  to  the  yieldiug 
of  the  ultimate  partieles  of  toatter  under  different  cooditions  ^    ' 
stress  and  atrain ;  and  the  conception  of  elajitic  nioleculee  is  oon- 
Iraeted  with  that  of  iaiinitoly  hard  molet'ules. — FhU.  Mag.^  April,  •] 
1880,  p.  267.  J.  T. 

8.  .So/«&i7i(y()/'6(MM»HiSo/i(b.— Meaar8,HANMAYan<l  Rocumi 
have  experinnsiited  upon  this  subject  with  the  following  modilioa- 
tions  of  Andrews'  apparatus:  "  a  T-tuhe  of  wrought  iron,  une- 
faalf  inch  internal  and  one  i noli  external  diameter,  was  fnrmsb«l 
with  wrought  iron  screw  cups.     Ttirough  one  of  these  the  pressure    ' 
screw  works;  through  the  opposite  end  the  experimeutai  tubeb 
fixed.     The  side  branch,  about  three  inches  long  admitted  an  air 
manometer.     The  apparatus,  which  was  less  than  twelrc  inches   i 
in  length,  was  filled  with  mercury."     The  packing  coitaiated  of   I 
India  rubber  plnga  covered  with  greased  leather,  through  which 
the    pressure   screw   passed.     At    blgh    pressure     the    tube    wa; 
cemented  witli  oxychloride  of  einc.     This  simple  method  of  pack- 
ing gave  freedom  of  motion  at  the  pressure,  even,  of  880  aimo»- 
phcres.     With  this  apparatus  various  crystals  dissolved  iii  alcohol 
gaa,  and  the  authors  obtained  solutions  of  sulphur,  selenium,  aud   1 
arsenic  in    bisulphide  of  carbon,  in   a    more    or    less    concliiMiye    I 
niainicr.      Tli.>  iuUliurs  .■mK-linlr  t!i;it   the  criti.-nl  j-oiiit  of  a  g:i,  i« 
altered  by  having  a  solid  dissolved  in  it,  and  claim  that,  BiDce 
their  experiments  were  made  at  temperatures  much  more  remote 
from  the  critical  point  than  those  of  Andrews,  they  have  given 
still  further  evidence  of  the  continuity  of  the  liquid  and  gaseous 
states.— A^oiwre,  March  25,  1880.  i.  t. 

10.  Chemical  Affinity  in  terms  of  Electromotive  Paroe. — Dr. 
Wbiuht  reviews  the  work  of  Joule  and  others  upon  the  Mechaoi- 
oal  Equivalent  of  the  operation  of  Electrolysis,  and  is  led  to  a 
discussion  of  the  various  results  obtained  for  Joule's  eqaivalent 
and  for  tbe  value  of  the  ohm  ;  and  states  that  he  is  about  to  com- 
municate results  of  measuremeut  of  the  mechanical  eqnivaleat  of 
heat  which  are  based  upon  an  electrical  method. — FhU.  Mag., 
April,  18B0,  p.  237.  /.  T. 

11.  Velocity  of  Electricity  in  the  EUtUric  Current. — Boltzmjuis 
discusses  the  new  discovery  in  magnetism  made  by  Mr.  £,  H. 
Hall,  of  the  Johns  Hopkins  University,  and  shows  that  tbe  abso- 
lute velocity  of  a  current  of  electricity  in  a  conductor  can  be 
determined  liy  tbe  employment  of  the  method  described  by  Hall. 
It  is  also  shown  that  the  general  equations  of  Kircbhofi^  Weber, 
Helmholtz,  Maxwell  and  Stefan  for  the  motion  of  electricity  in 
conductors  should  be  modified  so  as  to  embrace  a  new  term  which 
expresses  the  electro-dynamic  action  discovered  by  Hall. — Kait. 
Akad.  der  Wiu.  in  Wien,  Jan.  IS,  1880,  p.  11.  t,  t. 
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12.  Mecuurements  of  Gravity  at  Initial  Stations  in  America 
and  Ewrope,  146  pp.  4t;o.  Washington,  1879.  (U.  S.  Coast  Sur- 
vey, C.  P.  Patterson,  Superintendent.  Methods  and  Results — 
Appendix  No.  16,  Report  of  1876.) — This  paper  forms  the  first 
part  of  the  report  by  Mr.  C.  S.  Peirce  on  the  measurement  of  the 
acceleration  of  CTavit^r  at  initial  stations  in  America  and  Europe. 
It  includes  the  discussion  of  the  observations  made  with  a  Bessel 
reversible  pendulum  and  of  the  large  number  of  corrections  re- 
quired in  obtaining  the  true  result.  The  observations  were 
obtained  with  the  same  pendulum,  swmig  at  the  following  sta- 
stations:  Geneva,  Paris,  Berlin,  Kew  and  Hoboken.  By  this 
means  the  observations  in  America  are  connected  immediately 
with  those  of  the  most  important  stations  abroad,  where  the  chief 
absolute  determinations  have  been  made  and  from  which  pendu- 
lum expeditions  have  been  sent  out.  The  station  at  Hoboken 
thus  becomes  the  initial  station  for  this  continent.  Similar  action 
has  been  in  part  followed  by  European  surveys,  Switzerland  and 
Austria  having  already  swun^  their  stanaard  pendulums  at 
Berlin ;  this  is  in  compliance  with  the  plan  adopted  at  the  meet- 
ing of  the  International  Geodetic  Congress  in  Paris  in  1 876. 

n.  Geology  and  Mineralogy. 

1.  Geological  Survey  of  Pennsylvania.  ITie  Permian  or 
Upper  Carboniferous  Flora  of  West  Virginia  and  Southwest 
Pennsylvania  ;  by  Wm.  A.  Fontaine,  Prof.  Geol.  Univ.  of  Vir- 
ginia, and  L  C.  White,  Professor  Nat.  Hist.  Univ.  West  Vir- 
ginia and  Assistant  Geologist  on  the  Geological  Survey  of  Penn- 
sylvania. 144  pp.  8vo,  with  38  plates. — The  authors  derive,  from 
the  study  of  the  plants  of  the  "Upper  Barren"  Coal  Measures  of 
Pennsylvania  and  Virginia,  that  this  part  of  the  so-called  Carbon- 
iferous formation,  is  Permian  in  its  relations.  The  species  deter- 
mined belong  to  the  genera  Equisetites^  Catamites^  i^ematophyl- 
lum^  SphenophyUum^  Anniilaria^  SpfienopteriSy  Neuropteris^  Odon- 
topteris^  CaMipteris^  Callipteridium^  Pecopteris^  Goniopteris,  Cymo- 
glossa^  Alethopteris^  Tceniopteris^  RhacophyUum^  Caulopteris^ 
Sigillaria  (two  species),  Cordaites^  Bhabdocarpus^  Carpolithes^ 
GidielmiteSy  SaportcBa,  JBaiera,  The  following  are  part  of  the 
proofs  of  Permian  age  which  the  authors  present.  Out  of  107 
species  found  in  the  Upper  Barrens  of  West  Virginia,  22  occur 
in  the  Coal  Measures  proper,  while  28  (including  16  of  the  pre- 
ceding 22)  are  European  Permian  species.  Of  the  28,  12  have 
never  been  found  in  the  Coal  Measures  of  the  United  States,  and 
two,  CaUipteris  conferta  and  Alethopteris  gigas,  are  exclusively 
Permian.  Again,  Odontopteria  obtusiloba  is  a  characteristic  Per- 
mian plant.  The  genus  Baiera^  which  first  appears  abroad  in 
the  Permian,  has  a  species  B.  Virginiana^  differing  chiefly  in 
greater  size  and  robustness  from  the  Permian  B,  digitata.  There 
are  no  Lepidodettdra.  Alethopterids  and  Odontopterids  are  rare 
(two  of  the  former  and  four  of  the  latter) ;  nearly  all  the  Pecop- 
terids  have  the  arborescent  character  which  characterizes  Permian 
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species ;  and  the  NtwopUrid«  and  f^hfTiopterids  show  Pt-n 
featurt«.  Further,  tlit-  iM-ourrencc  of  Conifers  of  the  genus  Sapn^ 
tma,  allied  to  Satiubfriu,,  favora  the  view  nustained,  as  thin  Ijj* 
which  madfl  its  appi«ntTK^<*  in  the  Permiao,  has  great  prumineim 
in  the  Juriusic. 

The  evidence  from  the  R»imal  fottsila  it<  feeble,  h«  there  \t>  Ultb 
of  it,  bnl  none  opposes  the  idea  of  a  Permian  ag«. 

Above  the  Pittsburg  Coal,  and  its  associate  coals,  the  R«dsW>n 
and  Sewickiey  there  are  two  marked  stratigraphical  horiMU. 
One  ia  that  of  the  limestones  between  the  Sewickiey  and  WayBo- 
barg  coal-beds  ;  in  the  tthales  accompanying  the  latter  tberv  occnr 
nearly  all  the  characteriecic  Carboniferona  plants  of  the  U|iper 
Barrens,  but  mixed  with  many  new  forms.  The  other  in  that  c( 
the  overlying  Waynesburg  sanilsloue,  much  of  it  very  pcbHjr. 
Only  about  twenty  per  cent  of  the  species  existing  below  Uia 
sandstone  pass  above  it ;  and  coal-beds  become  very  thin  abovt 
and  gradually  disappear.  "This  is  what  we  should  expect  a 
priori  if  we  should  regard  the  Permian,  not  as  a  distinct  fonn^ 
lion,  but  as  the  close  of  the  Carbon iferous,"  as  Huetained  by  "  lh» 
investigationa  of  Weiss,  Grand  'Eury  and  others."  The  first  rf 
the  above  horizons  marks  the  transitious  from  the  Carbouifereni 
to  the  Permian, 

The  conclusion  of  the  authors  appears  to  be  well  sustninrd; 
and.  as  tbey  state,  it  places  the  "  great  Appalachian  Revolntion" 
"  at  the  close  of  the  Permian  Period"  and  explain«  "  the  abeence 
of  Permian  beds  from  the  i^Iesozoic  areas  of  iho  eastern  portion 
of  ihe  (.'oiiliTicnl  and  the  Triasj^ic  age  of  the  oldest    lieds  there 

a,  Oeology  of  Witcontin:  Survey  of  1878  to  1879.  VoL  HI, 
accompanied  by  an  Atlas  of  Maps.  Published  under  the  direcUoa 
of  the  Chief  Geologist,  J.  C.  Chaiiberlin,  by  th«  CommiMioDen 
of  Public  Printing.  Ti)4  pp.,  8vo,  with  many  plates,  maps  and 
sections.  1880.  —  This  volume  of  the  final  report  on  the  Geol- 
ogy of  Wisconsin  treats  of  the  general  geology  of  the  Lake 
Superior  region,  inutnding  Northern  Wisconsin,  and  then,  in 
its  seveial  chapters,  of  the  topography,  special  geology  and 
lithology.  The  rocks,  with  the  exception  of  the  Cambrian  beds, 
are  referred  to  the  Laurentian,  the  Huronian  and  the  Kewee- 
nawan  or  Oopper-beaiing  systems,  and  the  laat,  as  well  as  the 
others,  is  made  pre-Cainbnaa.  Professor  R.  D.  Ihvihq  repoiU 
on  the  general  geology,  and  geology  of  the  Extern  Lake  Supe- 
rior district ;  R.  Pumpkixy,  on  the  lithology  of  the  Keweenawu 
system  ;  A.  A.  Jdlibx,  on  some  rocks  of  Ashland  County  ;  C  £. 
Wright,  on  the  Huronian  series  of  Penokee  Gap,  ^in<^udinK 
the  Penokee  iron  range)  and  on  the  Menominee  iron  region  ;  £.  T. 
SwBKT,  on  the  Western  Lake  Superior  district;  T.  C.  Chaxbeb- 
LiN,  on  the  Upper  St.  Croix  district,  from  the  notes  of  the  late 
Moses  Stbono;  T.  B.  Bbooks,  on  the  Menominee  region;  A. 
WicHMAKN,  on  the  microscopic  character  of  the  Haroiiian  rocki 
of  the  Iron  regioa     The  volnme  contains  many  maps, 
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and  plateB  on  microscopic  lithology,  distributed  through  the 
tezi,  and  is  accompanied  by  an  atlas  of  large,  colored,  geological 
maps.  It  bears  evidence  throughout  of  careful  study,  it  is 
especially  important  for  its  illustrations  of  ArchsBan  formations ; 
its  detailed  lithological  descriptions  of  the  various  crystalline 
rocks,  based  largely  on  microscopic  investigations ;  and,  economi- 
cally, for  its  reports  on  the  iron  ore  regions  and  their  ores  and 
mines,  and  on  the  Keweenaw  copper  region.  It  also  contains 
various  observations  on  Quarternary  deposits,  terraces  and  erosion. 

3.  PalcBontology  of  New  York.  Vol.  V.  Part  2,  containing 
descriptions  of  the  Gasteropoda,  Pteropoda  and  Cephalopoda  of 
the  Upper  Helderberg,  Hamilton,  Portage  and  Chemung  Groups, 
by  Jambs  Hall,  State  Geologist.  Text,  492  pp.  4to,  with  a  4to 
volume  of  120  lithographic  plates.  Albany,  N.  Y.  1879. — This 
new  volume  of  Prof.  HalPs  great  work  will  be  gladly  welcomed 
by  all  students  in  American  Paleontology.  Albertypes  from  the 
drawings  of  a  large  part  of  the  plates,  together  with  others  of 
Crustacea,  130  in  all,  were  issued,  without  descriptions,  in  a  vol- 
ume in  1877,  and  a  notice  of  the  same  was  given  in  volume  xiv  of 
this  Journal  (p.  493). 

This  second  part  of  volume  V,  now  published,  will  soon  be  fol- 
lowed by  Part  I,  which  treats  of  the  Lamellibranchiata ;  80 
plates  have  already  been  printed.  The  preface  to  the  volume 
also  states  that  the  descriptions  and  plates  of  the  Corals,  Bryo- 
soans,  Brachiopods  and  Crustaceans  of  the  Upper  Helderberg 
and  Hamilton  groups  are  far  advanced,  over  60  plates  illustrating 
these  subjects  being  finished  and  a  large  part  already  printed. 
Besides,  the  manuscript  of  the  Corals  and  Bryozoa  of  the  Lower 
Helderberg  is  ready,  and  the  twenty-two  plates  are  completed  ahd 
printed.  Further,  over  800  other  drawings  of  corals  have  been 
made  for  the  final  illustration  of  this  class  of  fossils.  These  state- 
ments show  that  ^reat  progress  has  been  made  toward  the  comple- 
tion of  the  New  York  Paleontology. 

4.  Report  on  the  Geological  Survey  of  New  Jersey  for  the  year 
1879 ;  by  the  State  Geologist,  Professor  G.  H.  Cook. — This  report 
contains  new  facts  relative  to  some  of  the  geological  formations 
of  New  Jersey,  and  also  with  regard  to  the  iron  ores,  soils,  clays, 
waters,  and  other  points  of  economical  importance.  It  states  that 
the  number  of  opened  mines  of  magnetite  in  the  New  Jersey  Ar- 
cbsean  is  now  nearly  200,  and  that  they  could  supply  a  million  of 
tons  annually.  The  Triassic  formation  at  the  Belleville  quarries 
has  afforded  remains  (the  ''  decorticated  trunk^')  of  a  fossil  plant 
which,  accordingto  Professor  Lesquereux,  resemble  much  the 
Lepidodendron  Weltheimianum,  a  species  of  the  Devonian  and 
Subcarboniferous.  Very  positive  evidence  will  be  required  to 
make  it  certain  that  it  is  this  old  species,  or  any  species  of 
Lepidodendron.  Professor  Cook  states  that  the  sandstone  of  the 
"  southeastern  margin  of  the  formation  contains  mostly  grains  of 
feldspar  instead  of  quartz,"  as  if  made  from  a  very  feldspathic 
gneiss  or  granite,  such  as  is  found  in  great  quantities  on  that  side 
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(^tiMfimudoB;  "irUle  the  rock  of  the  north  western  aide 

;tMilBn  limcBtone,"  »  rock  oceturing  in  the  i 
f  on  that  side.     The  exposure  of  ^ilurwi  : 
BirittlD  the  aren  of  the  sandstone,  aitd  other  _ 
1  to  fiiTor  tiK  view  of  a  comparatively   small  ttiioknes 
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5.  JfUt  oo  tfu  oenirreTice  of  foaaUt  in  the  Triaanc  and  Jurat- 
He  betb  mmw  Bern  Ifigud  in  Colorado  ;  by  K.  C  Iln.i&~'rb« 
ftiMdHforow  pcalioti  of  the  'IViaHtico-Jtira»Bio  beds  of  the  Upfier 
Sao  Migoel  »  ntsated  iu  lat.  37°  58'  N.,  long.  10T°  50'  W.,  hew 
dw  tom  of  8mi  Miguel  city,  ^nd  extends  east  trom  that  point 
akng  the  flank  of  mo  Miguel  park  about  two  and  a  half  niiln, 
The  roirib  ooenr  in  tbe  upper  portion  of  the  red  sandetone  bedi 
■bd  are  oonfined  to  two  strata,  aggreeatiug  about  fifty  feetio 
(UelmeM.  Tba  lover  stratam,  in  whicTi  the  Pteroi>hylluni  wu 
fbWid,  it  a  fln»<raine<l  micaceous  red  enudaton?  with  a  ecfaistow 
dearaga  It  often  thows  mud-craeks  and  raindrop  pits,  sUa 
oaati,  aaoh  aa  mi^ht  be  caused  by  a  large  animal  r^olining  npon 
mriat  Band;  mitenaL 

The  ni^ier  BtratDn  is  mside  up  of  small  pebbles  nioatly  calcar^ 
OOL  Fragments  of  teeth  are  very  abundant  in  this  etratutu,  witii 
an  oeoascmal  ft^pnent  of  bone  and  short  flattened  tree  tmnb 


ig  BDon  the  mtrface  numerous  small  warty  protuberancM 
and  right  lines  from  onf  ;tn<i  a  linlf  inrlii>>.  to  two  iTiobcs  apart. 
These  trunks  are  from  three  feet  to  five  feet  long  and  taper  rap- 
idly from  the  base.  Fishes  near  Beiodon  pritcvs  and  CatopUnu 
gracUit  occur  in  this  stratum;  but,  as  the  coarse  material  of 
which  it  IB  composed  is  not  adapted  to  receive  and  retain  delicate 
impressiona  of  perishable  forms,  the  occurrence  of  the  last  named 
fosait  will  probably  ba  restricted  to  places  where  small  depr»- 
sions  favored  the  deposition  of  finer  sedimenL  This  bed  under- 
lies and  is  conformable  with  a  second  series  of  rooks  having  from 
twenty  feet  to  forty  feet  of  bituminiferous  limestone  at  the  base, 
followed  by  a  few  feet  of  homstone  and  several  hundred  feet  of 
gray  sandstone.  I  have  not  observed  any  fossils  in  this  series, 
which  is  unconformable  with  the  Gretaceons  and  may  be  Jurasnc 
As  might  be  expected,  a  thin  stratum  of  white  sandstone  under- 
lies, in  some  places,  the  bitumen iferous  limestone. 

The  rock  of  the  lower  portion  of  the  red  sandstone  series  are 
often  shaly  and  readily  separable  into  fr^ments  of  conohoidal 
fVaoture. 

The  erosion  has  not  been  sufficient  to  reveal  the  thickness  of 
these  beds,  but  it  is  not  less  than  1,000  feet. 

A  good  section  of  these  rocks  is  showed  upon  the  Animas 
where  they  extend  for  mx  "miles  along  the  river  between  Hennoea 
and  Animas  City,  upon  the  Dolores  near  Rico,  on  tfae  Unoom- 
pahgre  below  Ouray  and  less  extensively  on  nearly  every  stream 
tributary  to  the  Aumias  and  San  Joan. 
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6.  Note  on  Sauranodon;  by  O.  C.  Mab8h. — The  name  Sauran- 
odoD,  given  by  the  writer  to  a  genus  of  Jurassic  reptiles,  appears 
to  have  been  previously  used  m  the  same  class  by  Jourdan.  If 
thus  preoccupied,  it  may  be  replaced  by  the  name  JBaptanodon, 
for  the  extinct  generic  form,  with  JBaptanodontidce  for  the  family, 
and  Baptanodonta^  for  the  Suborder  represented. 

May  20,  1880. 

III.  Botany  and  Zoology. 

1.  Remsion  of  the  Oentis  Pinua^  and  Description  of  P.  EUiottii; 
by  Dr.  Geobgb  Engblmann.  St.  Louis,  1880.  Separately  issued 
from  the  Transactions  of  the  Academy  of  Science  of  St.  Louis, 
vol.  iv,  no.  1,  pp.  161-190  (1-30),  but  printed  in  folio,  to  match 
the  plates,  1-3. — The  plates,  illustrating  Pinus  EUiottii  Engelm., 
are  very  fine,  having  been  excellently  drawn  from  nature  on  stone 
by  Paul  Roetter,  and  they  give  the  whole  port,  structure  and 

f;ermination  of  this  the  handsomest  species  of  our  Atlantic  States. 
n  appearance  it  is  as  it  were  intermediate  between  P.  Tceda  and 
P.  auatrcUis.  The  characters  of  the  Pines  and  a  sketch  of  former 
arrangements  are  surveyed  in  detail ;  the  anatomv  of  the  leaves  is 
particularly  attended  to,  and  the  character  of  the  resin-ducts  is 
tnmed  to  account  as  a  verv  important  subsidiary  mark  of  affinity. 
The  primary  sections  of  the  genus  are  reduced  to  two,  founded 
mainly  on  obvious  differences  in  the  scales  of  the  cones,  viz:  Strohus, 
with  marginal  unarmed  umbo  (divided  into  Euatrobi  and  Cemhroe)^ 
and  Pinaster^  with  dorsal  and  mostly  armed  umbo.  Then  the 
subdivisions  are  distinguished  by  the  position  of  the  ducts  within 
the  leaf,  "  whether  penpheral,  parenchymatous,  or  internal ;"  then 
the  position  of  the  female  ament  and  cone,  whether  subterminal 
or  lateral ;  and  finally  the  number  of  leaves  in  the  fascicle  is  taken 
into  consideration  in  the  second  section ;  the  first  consisting  wholly 
of  five-leaved  species.  Although  only  such  species  and  subspecies 
are  enumerated  as  the  author  has  himself  examined,  yet  the  list  is 
almost  complete. 

jP.  cdbicatdia  of  California  is  reduced  to  a  subspecies  of  P. 
Jlexilis^  a  marked  one  ceitainly,  as  to  the  cones ;  and  P.  Balfour- 
iana  of  California  (now  re-discovered  on  the  slope  of  Shasta)  is 
considered  to  include  the  Rocky  Mountain  P.  aristata,  P.  pon- 
derosa^  after  long  study,  is  still  left  to  include  extreme  forms. 
P.  JBanksiana^  being  a  year  earlier  than  the  name  P.  rupestris  of 
Poiret,  is  retained  for  the  species.  A  second  Cuban  species  is 
characterized  from  C.  Wright's  collectioA,  and  is  named  P. 
Wrightii^  but  male  flowers  have  not  been  seen.  It  is  suggested 
that  the  fine  P.  EUiottii^  here  so  admirably  illustrated,  may  not 
be  wholly  distinct  from  P.  Cubensis, 

The  size  of  the  pollen-grains  is  giv^n  for  most  of  our  species. 
Their  lightness  and  power  of  floating  a  long  time  in  the  air,  and 
therefore  of  transportation  by  the  wind,  are  shown  in  the  statement 
that  pine-pollen  has  been  found  in  the  streets  of  St.  Louis,  after 
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a  rain-Blorm  from  the  south,  in  March,  when  no  pioeB  DOTth  rf 
Loubiana  were  in  bloom,  and  which  must  h»ve  eome  frotn  tbe 
forests  of  long-leafed  pine  od  Red  River,  over  about  Bj  deglWi 
of  lalitade  or  400  miles  in  a  direct  line.  Let  iis  congratulate  Dr. 
.  Eugelmaim  upon  his  satisfactory  completion  of  hia  proloi^ed 
iTivestij^ation  of  our  Coniferef.  x.  a. 

2.  Methodlk  der  &p&^»t>eachitibun^,\tnd  Rtihus :  Monogrofhit 
der  ein/ao/dflattrtr/en  tind  krautigen  Srombeereit,  etc.  .  .  . 
von  Dr.  Orro  Kdntzb.  Leipzig,  Felix,  1879.  100  pp.  4to,  with 
a  lithographic  plate  and  seven  statistio-phytographical  tables 
— A  most  elaborate  discnesion,  tirHt  of  the  diversitv  of  value  aad 
indefiniteness  of  botanical  speciei),  followed  by  a  plan  for  a  better 
presentation  of  botanical  relationship  ;  next  an  application  of  the 
new  "  apeoiesbeschreibunff"  to  the  eimple-leaved  liulii.  The  author 
sets  out  with  the  proposition — in  one  sense  true — that  Darwin  on 
one  hand  and  Jordan  on  tbe  other  have  shatterc-d  to  tho  fonnila- 
tion  the  Linniean  conception  of  species;  but  that  thix  conoeptjon 
still  fettem  Hystemalic  botany ;  that  the  phin  of  describing  only 
typical  forms,  or  what  wc  choose  to  consider  such,  is  a  deliberate  i 
negation  of  existing  facta ;  and  that  to  follow  the  mlea  of  arrang- 
ing related  forma  under  the  successive  stages  of  species,  subsjie- 
cies,  varieties,  subvarieties,  etc.,  has  become  incompatible  wuJ 
a  strict  and  faithful  following  of  nature.  He  insists  that  tbe 
monographer  sbonld  describe  all  tbe  foi-ma,  and  arrange  them  ' 
according  to  their  relationship,  vrhich  arrangemi^nt,  if  succeasfnl 
and  true,  will  bring  to  view  their  probable  genealogy. 

liosti,  Rubus,  and  Hkracinm  in  the  Old  Worl.l.  L-iphm*  .iral 
PotentiUa  in  North  America,  are  among  the  genera  which  counte- 
nance this  view,  and  are  the  despair  of  systematista.  If  most 
botanical  genera  were  like  them,  we  should  all  be  driven  to  con- 
clusions liae  those  which  Dr.  Knntze  perhaps  too  hastily  or  too 
absolut«ly  propounds.  But  in  our  opinion,  the  Linnsean  conception 
and  the  Linuffian  practical  treatment  of  species  are  quite  capable 
of  being  worked  with  advantage  and  fair  snccesa  under  the  idea 
of  relative  instead  of  absolute  fizitv  of  character ;  and  we  are 
confident  that,  if  abandoned,  we  shall  not  in  our  day  find  any- 
thing so  good  to  put  in  their  place.  We  aeem  to  need  re-adapta- 
tion rather  than  reconstruction ;  and  we  fear  that  Dr.  Kuntze's 
plan  of  treatment  will  diffuse  the  difficulties  over  a  wider  aurhce 
rather  than  obviate  them.  Of  course  the  idea  of  disposing  the 
forms  according  to  supposed  genetic  relationship  is  most  proper 
and  scientific ;  but  that  ia  the  attempt  and  ultimate  ^m  now-a- 
days  in  all  natural  history ;  and  so  far  as  it  can  be  done  at  all, 
may  be  as  well  accomplished  under  the  received  taxonomy  as 
under  our  author's  scheme.  Not  that  we  would  depreciate  tbe 
value  of  such  a  treatment  as  he  has  given  to  a  part  of  the  genus 
Mubus,  or  doubt  that  "collective  species"  may  be  advautage- 
ously  80  discussed,  in  spite  of  the  formidable  number  of  con- 
fessedly indefinite  terms  which  are  found  necessary. 

For  example,  to  designate  grades  of  forms  in  tbis  genos,  we  have 
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ibst  a  general  division  into  Finiformea  and    Oregiformea ;  the 

-  finrmer  being  those  which  appear  to  have  no  very  near  surviving 

felativeSy  i.  e.  they  are  very  well  marked  and  moderately  varying 

flpeciea.    Those  with  numerous  vanations  within  a  common  type 

"  are  Qremformea  ;  and  these  again  may  be  distinguished  as  Loco- 

fbrmeSy  Typiformes^  VersiformeSy  Ramiformes^  AvoformeSy  Medio- 

~\fbmieMy  Misto/ormeSy  JSinguli/oi'mes,   and   a    few   more, — terms 

wbioh  we  have  not  space  to  define,  which  indeed  are  not  to  be 

really  defined,  and  nearly  all  of  which  involve  hypotheses.     An 

application  of  them  is  seen  in  the  suggested  derivation  of  Dali- 

halrda  ripens  from  JRubus  nivcUia  I 

Moreover,  Dr.  Euntze  proposes  to  use  arbitrary  signs  in  place 
of  language  in  botanical  descriptions,  which  give  to  botanical 
oharaoters  the  aspect  of  mathematical  tbrmulaB.  To  us  all  this  is 
most  repulsive.  In  the  preface  botanists  are  requested,  in  case 
they  do  not  approve  these  schemes,  to  turn  their  endeavors 
towards  bettering  them.  But  as  yet  they  are  hardly  shut  up  to 
the  alternative.  Slight  betterments  of  the  x)ld  paths  irom  time  to 
time,  as  need  appears,  may  be  more  serviceable  than  doubtful 
labor  upon  n^w  and  untrodden  roads.  a.  g. 

8.  Charles  Cubistophbb  Frost,  the  oldest  cryptogamist  in  this 
country,  died  at  Brattleboro,  Vermont,  March  16,  1880.  lie  was 
bom  in  the  same  town  Nov.  11,  1806,  and  lived  there  throughout 
his  long  life.  His  father  was  a  shoemaker,  which  trade  his  son 
learned  in  his  youth,  afterward  becoming  a  dealer  in  boots  and 
shoes,  and  he  continued  in  this  business  until  his  death.  He 
received  a  common  country-school  education ;  but  in  the  leisure 
hours  snatched  from  his  business,  he  devoted  himself  to  scientific 
pursuits  and  mastered,  unaided,  the  Latin,  French,  and  German  lau- 
ffuages,  for  the  purpose  of  studying  works  upon  Natural  History. 
He  was  a  bom  naturalist,  loving  Nature  for  herself  and  not  for 
the  fame  or  position  he  might  attain  by  the  publication  of  his 
mvestigations.  There  was  scarcely  a  branch  of  scientific  study 
which  he  did  not  pursue  to  some  extent.  He  explored  tlie 
country  about  him  exhaustively,  collecting  everythmg  in  the 
domain  of  natural  science ;  but  he  was  best  known  to  the  world 
as  a  student  of  Cryptogamic  Botany,  and  was  a  life-long  cor- 
respondent of  the  celebrated  cryptogamists  of  his  time.  He 
amassed  a  large  collection  of  species  of  natural  history  and  was 
the  author  of  numerous  species  in  his  favoritcspecialty,  the  Fungi. 
He  communicated  various  papers  to  the  publications  of  his  day ; 
but  his  most  important  contribution  to  science  is  a  List  of  tlie 
Mosses,  Liverworts,  Charas,  and  Fungi,  in  the  "Catalogue  of 
plants  growing  within  thirty  miles  of  Amherst,"  published  by 
rrofessor  Edward  Tuckerman  and  himself  in  1875.  c.  j.  s. 
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IIL    ASTBONOHY. 

1.  Elements  of  the  Comet  discovered  by  J.  M.  SchcBberte  at 
the  Ann  Arbor  Observatory  on  the  ^th  of  ApriL  Letter  to  the 
editors  from  Mr.  Sch^bbeblb,  dated  Ann  Arbor,  Mich^  Mmj  1ft, 
1880. — As  there  is  no  ephemeris  published  of  the  comet  wbidi  I 
discovered  on  April  6,  and  as  it  is  quite  probable  thai  obflerra- 
tions  can  still  be  made  with  large  instruments,  as  soon  as  the 
moon  gets  out  of  the  way,  I  send  you  the  ephemeris  below  for 
publication  in  the  American  Journal  of  Science. 

An  approximate  orbit  was  first  computed  from  Ann  Arbor 
observations  of  April  6th,  1 2th  and  20th.  The  large  perihelion 
distance  as  shown  by  the  resulting  elements  induced  me  to 
lengthen  the  interval  of  time  between  the  extreme  dates.  Ad 
orbit  was  then  computed  from  the  following  data ;  the  times  of 
observation  and  the  places  of  the  comet  being  corrected  for 
aberration  and  parallax  respectively : 

Add  Arbor  Mean  Time.  App.  a.  App.  d. 

April    6,  1880,  IS*"  56-  30«  7^  12-  30«-40  .     84*  14'   TV 

April  20,  1880,  11    52    11  6    16    37*65  T3   61   59*3 

Maj     4,  1880,  9    14    11  6   15    47*66  64   55  27*3 

The  resulting  elements  I  find  to  be 

T  =  Jane  30*7964  Washington  mean  Time. 

IT  =    41"  51'  27''*8  ) 

Q  =  257     9  48-5  \  Ecliptic  and  mean  Equinox  18801). 

I    =  123     5   29-8   ) 

log  g  =  0-259736 

Co.— Ob. 
The  residuals  for  the  middle  place  are      A^  co83      A/3 

—I'S     — 3'*9 

Ephemeris  for  Washington  Mean  Midnight. 


1880. 

App. 

a. 

Anp.  <5. 

log.  y. 

k)g.  A. 

lutena^j  of  light 

May  24.5 

6''  25'» 

9' 

54"  5r-4 

0-27404 

0-39795 

0*79 

28.5 

6  27 

23 

53  10  4 

0-271»2 

0*40503 

0*77 

June  1.5 

6  29 

39 

51  34-5 

0-26869 

0-41154 

0*76 

5.5 

6  31 

5t> 

50  3-2 

0-26645 

0-41746 

0*75 

9.5 

6  34 

12 

48  361 

026452 

0-42276 

0*74 

13.5 

6  36 

27 

47  12-7 

0-26291 

0*42740 

0-73 

17.5 

6  38 

39 

45  526 

0-26162 

0-43138 

0-72 

21.5 

6  40 

47 

44  35-5 

0-26066 

0*43469 

0-71 

The  corrections  to  the  times,  for  aberration,  are  still  to  be 
applied.  The  intensity  of  the  light  of  comet  for  April  6,  is  taken 
as  the  unit  of  measure.  Tlie  K.Aa.  will  probably  not  be  more 
than  a  second  or  two  in  error.  The  decimations  may  require  a 
correction  of  two  or  three  minutes  of  arc,  toward  the  close  of  the 
ephemeris.  The  declinations  deduced  from  the  elements  of  the 
orbit  given  in  the  Circular  of  the  K.  K.  Ak.  in  Wien,  are  largely 
in  error.  On  May  12  the  ephemeris  was  nearly  half  a  degree  out 
in  declination,  so  that  I  felt  warranted  in  sending  you  the  ephem- 
eris given  above.. 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  NiationeU  Acctdemy  of  Sciences, — Tlic  following  is  a  list  of 
papers  registered  and  read  at  the  meeting  of  the  National  Acad- 
emy of  Sciences,  at  Washington,  April  20-23,  1880. 

Joseph  LeOoote. — ^Binocular  Vitiion ;  Laws  of  Ocular  Motion. 

W.  Ferrel.— :!.  Hollow  Water-Spouts  and  Sand-Spouts.    2.  Cloud-Bursts. 

E.  D.  Cope. — 1.  On  the  Structure  of  the  Vertebrata  of  the  Permian  reri«»d. — 
1.  On  the  Perforations  of  the  Squamosal  bone  of  the  Mammalia. 

Elias  LoomiB. — Contributions  to  Meteorology. 

A.  S.  Packard. — On  the  Structure  of  the  Brain  of  Limulus  poljphemus. 
8.  P.  Lsngley. — 1.  On  an  Instniment  for  Measuring  Radiant  Heat. — 2.  On  the 
Composition  of  Colors. 

Alexander  Agassiz. — ^The  Sea  Urchins  of  the  Challenger  Expedition. 

O.  C.  Marsh.—Size  of  the  Brain  in  Extinct  Animals. 

W.  Oibbs. — On  New  Complex  Inorganic  Acids. 

T.  Starry  Hunt— On  the  Taconic  System  in  Geology. 

F.  M.  Green,  U.  S.  N. — On  the  Telegraphic  Determinations  of  Longitude  by  the 
IT.  S.  Hydrographic  Office. 

D.  P.  Todd. — On  the  Announcement  of  the  Discoveries  of  Intra- Mercurial 
Planets  by  Telegraph. 

Wm.  Harkncs8.---0n  the  Solar  Corona. 

E.  S.  Holden. — On  the  Nebula  of  Orion. 

Theo.  N.  Gill. — On  the  Distribution  of  the  Zenopsis  Conchifera. 

Josiah  P.  Cooke. — Revision  of  the  Atomic  Weight  of  Antimony. 

Oleveland  Abbe — Application  of  Meteorology  to  the  Grasshopper  Pest. 

Edward  S.  Morse. — On  an  Early  Race  of  Man  in  Japan. 

H.  M.  Paul. — On  the  effect  of  railroad  trains  in  transmitting  vibrations  through 
the  ground  as  regards  its  effect  on  observations  in  fixed  observatories. 

Albert  A.  Michelson. — On  the  modifications  suffered  by  Light  on  passing 
through  a  very  narrow  slit 

J.  Lawrence  Smith— Some  remarks  on  tlie  supposed  nature  of  the  Sun's  Corona ; 
and,  also,  On  a  supposed  new  Meteoric  silicate. 

Stephen  Alexander. — On  some  modern  developments  bearing  upon  the  Nebular 
Hypothesis  and  other  matters  connected  therewith,  as  well  as  on  some  previous 
changes,  and  miscellaneous  notices. 

2.  Emniet  County  Meteorite:  Supplement  to  the  article  on 
page  459,  by  the  author,  J.  Lawrence  Smith. — When  my  paper 
was  sent  to  press,  the  followinff  new  facts  in  connection  with  this 
meteoritic  fall  had  not  been  discovered.  I  am  indebted  for  them 
to  Mr.  Chas.  Hirge.  These  additional  discoveries,  twelve  months 
after  the  fall,  only  add  to  the  interest  of  this  phenomenon.  Mr. 
Birge,  a  few  months  ago,  had  been  made  aware  of  the  fact  that  a 
number  of  boys,  herding  cattle  near  a  lake  about  four  miles  west 
of  Estherville  on  the  day  of  the  fall,  reported  that  when  the 
meteor  passed  over  them,  a  great  shower  of  what  appeared  to 
them  hailstones  fell,  and  that  the  surface  of  the  water  was  alive 
with  the  falling  bodies.  Three  weeks  ago  (April  15th)  the  people 
of  that  neighborhood  began  to  find,  on  the  freshly  burnt  prairies, 
small  pieces  of  meteorites  from  the  size  of  a  pea  to  one  pound  in 
weight;  300  to  500  were  thus  found  ;  and  ten  days  ago  (May  1st) 
thousands  of  men,  women  and  children  were  on  the  ground  daily, 
and  from  the  meteoric  field  probably  five  thousand  pieces  have. 
already  been  gathered,  making  in  all  a  weight  of  not  less  than 
farom  60  to  75  pounds. 


4M-  Misixllaneous  Intelliijcnce, 

8.  Statist ict  u n  Eitrtfiq'MkM  ;  \)yV*rQfe6iiorC.ii.  RocswnoD.Jr. 
(ConimiuicaU'd.)— Proft'BSor  Dr.  0.  W.  Fiictis,  (ormiTly  of  H«idd- 
oerg,  bat  now  in  Mcran,  Tirol  Austria,  bas  lor  tbe' U«l  fifletn 
pntlisheii  annual  statistiCH  of  earthquakes  and  voJwnic 
soma,  and  has  noticed  that  in  bis  lists  America  is  remark*- 
lie  fin  the  paucity  of  shocks  reported.  This  he  attributes,  ainl 
we  tlbmk  rightly,  to  the  lack  of  information  on  the  subject,  rather 
thMl  to  Any  real  scarcity  of  snch  eventA.  As  be  !)■  tiow  proposinf 
to  reriie  bia  lists,  he  has  presented  to  the  Smithttoniaii  Instituiion 
ft  raqneM  for  information  in  regard  to  Auierioan  earthquakfs 
eipedaUj'  for  the  wbole  or  any  part  of  the  period  since  1  ^65.  He 
VOOtd  be  thankful  for  any  information  on  the  subject  which  may 
be  in  the  possession  of  American  ohaervcrs,  and  which  may  b« 
■ent  to  hl^  adili'ess  as  above. 

The  undersigned,  who  iias  for  the  past  eight  years  been  occupii-d 
la  s  rimQar  work  in  America,  would  take  tbiA  opportunity  lo  tay  to 
tite  readers  of  the  Journal,  that  he  also  would  be  very  i^lad  to  isomr 
ioto  OMOmDnioatioD  with  other  workers  in  the  field  of  Seismology, 
ritfaer  Aaerican  or  foreign.  He  is  especially  desirous  to  obuin 
OOrreapoiulentH  upou  the  Pacific  Coast,  who  would  aid  in  collect- 
Inff  innwmatioD  in  reganl  to  earthquake  shocks  in  that  re|poD, 
wbeie  they  are  so  much  more  frequent  than  on  the  Atlitntio  sear 
bo«rd. 

.,  N.  J.,  May  U,  188W. 


4.  Shilee  of  the  Common  Logarithtm  and  Trigonomttriai 
FhmctiOns  to  Six  T^ca  of  DeHmaU.  With  9/)fci'fil  rtgar^  to 
their  JJne  in  Sehoole.  Edited  by  l>r.  C  Bremikek.  517  pp.  8vo.  ' 
New  York,  1880.  (B.  Wcstermann  &.  Co.).— This  reprint  ot  ' 
Bremiker's  well-kriown  (nlilrs  is  |ifrliiip-s  tin-  vitv  \>fK\  which  lias 
been  made  accL's-iililc  i..  tli<'  ;ii'ii-iii:itli(-iii:tttr;il.  f-.'it'Tititic  iind  jw]*- 
alar  public.  The  arj-angcment  of  the  figures  on  the  pa^e,  both  u 
respects  spacing  and  amount,  is  that  which  most  quickly  guide* 
the  eye  and  conduces  to  facility  in  use.  The  arguments  of  the 
loganthms  of  numbers  are  given  directly  to  five  figures,  and  tbs 
arguments  in  arc  of  the  trigonometrical  functions  are  ^ven  to  ten 
seconds.  In  Ijoth  of  these  respects  the  tables  are  superior  to  those 
found  iu  current  use  among  the  students  in  oar  country. 
Another  excellent  feature  is  the  addition  of  a  table  of  Gauss  s 
Logarithms — which  would  be  more  widely  used  if  good  tables  of 
them  were  commonly  found.  The  work,  both  on  accoant  of  its 
high  reputation  for  accuracy  and  its  compact  convenieDce, 
deserves  a  wider  use  than  it  has  yet  obtained  among  the  very  cod- 
siderable  class  of  students  and  professional  men  who  have  com- 
puting to  do,  but  who  use  inferior  tables,  or  none  at  all.     u  w. 

Obitcakt. 
Professor  William  H.  Miller,  the  eminent  Crystal logranh«' 
*and  Mineralogist  of  Cambridge,  England,  has  recently  died,  at 
the  age  of  seventy-nine. 
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